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In his paper, “On Certain Statistical Data Which May Be 
Valuable in the Classification of the Stars in Order of Their Evo- 
lution,’* Professor Kapteyn finds, as far as the available data 
warrant a conclusion, that the linear peculiar velocities of the 
stars increase with age.? This conclusion has been confirmed later 
from much more extensive data as to radial velocity by Professor 
Campbell.’ Professor Kapteyn further points out that this 
phenomenon very probably entails a gradual dissipation of the 
star streams with advancing age, and is confirmed in his view by 
Dyson’s‘ observation that the stars of Type I “diverge less from 
the general drift of the streams than the other stars.” 

The large extension given to the available number of well- 
determined astronomical proper motions by the publication of the 
Preliminary General Catalogue of 6188 Stars, by Professor Lewis 
Boss, and the extreme importance of the two closely connected phe- 
nomena renders it exceedingly desirable to test their reality by its 
aid. To do this is the aim of the present paper. 

* Contributions of the Mount Wilson Solar Observatory, No. 45; Astrophysical 
Journal, 31, 258, tgto. 

2 This assumes that the successive stages of evolution, beginning with the earliest, 
are in the order of the spectral classes B, A, F, G, K, M. 

3 Lick Observatory Bulletin, No. 196, Table II. 

4 Proceedings of the Roy. Soc. of Edinburgh, 29, 390, 1910. 
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The spectra have been taken, as far as possible, from the cata- 
logues: Harvard Annals, 28, Part 1, Table 12 (Miss Maury); 
ibid., Part 2, Table 17, and 56, No. 4, Table 1 (Miss Cannon), 
and if not contained in these, from H.R., 50. 

I have confined myself provisionally to the stars of spectral 
classes A and K whose magnitude, according to Boss, is 6.0 or 
brighter, and all of the stars of the spectral class M. The helium 
stars are being investigated by Professor Kapteyn himself, and have 
not been included for that reason. | 

For the stars of these groups the angles of position of the proper 
motions have been computed from the data of the Preliminary 
General Catalogue. These angles of position have been used in the 
way explained below. 

Explanation of the method.—Theoretically we have proceeded 
from the following set of hypotheses, which are identical with those 
explicitly stated or implied by Mr. Eddington in his paper, ‘‘ The 
Systematic Motions of the Stars’”’:' 

1. The stars are distributed over two drifts of which the centers 
of gravity are in relative motion. 

2. Theinternal velocities of the stars of each drift are distributed 
according to Maxwell’s law. 

3. The modulus, 4, is the same for the two drifts. 

For the positions of the apex and of the true vertex we have taken 
for all types of spectra: 

Apex A =269°7, D =+30°8 
True vertex A’=94°, D’=+10° 
the equinox being that for 1875. 

We will now suppose the sky to be divided into a number of 

areas and we will call, for the center of any arbitrary area: 


a=the right ascension, 

5=the declination, 

A=the distance from the apex, 

A, =the distance from the true vertex, 

y =the angle between the direction to the antapex and that to the 
true vertex taken positively in the sense of a motion from north 
through west to south. 


* Monthly Notices R.A.S., 67, 34, 1906. 
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The quantities 4, A,, and y may easily be calculated for every area 

by means of the adopted co-ordinates of the apex and the vertex. 
Supposing that only stars of a determinate class of spectrum 

are considered, we will further introduce the following notations: 


p=the velocity of the center of gravity of all the stars relative to the 
sun; 

g, and g, = the velocities of the centers of gravity of the first and second 
drifts, respectively, relative to the center of gravity of all the stars; 

g =the velocity of the center of gravity of the first drift relative to that 
of the second. 


Consider a definite small area A of the sky having its center in 
O. In the tangential plane in O we will fix a rectangular system of 
co-ordinates OXY, taken in such a way that the sense of a motion 
directed from the positive end of the axis X to the positive end of 
the axis of Y is the same as that of a motion from north through 
west to south. The direction of OX will be left provisionally 
indeterminate. 

We will further put 


w =the angle of position of the direction to the antapex, counted from 
OX; 

£,, m, and &,, »,=the projections of the velocities of the center of 
gravity of the first and second stream, respectively, relative to the sun; 

h=the modulus entering into the distribution according to Maxwell’s 
law; 

u, v=the projections of the internal velocities of an arbitrary star 
on OX and OY; 

N., N., N;, N,=the number of the stars in A, belonging to the first 
drift, for which the angle of position of the proper motion counted from 
OX lies in the first, second, third, and fourth quadrant, respectively; 

N =the total number of the stars in A, belonging to the first drift; 

N,, Nz, N;, Ny, and n=the corresponding quantities for the second drift. 


Let A” represent an area lying diametrically opposite to A 
and having the same dimensions. 

The center O” is also taken as the origin of a system of co- 
ordinates O’’X"’Y” of which the axis O’’X”’ has the same direction 
as OX, OY”, a direction opposite to OY. 
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represent for A”’ quantities corresponding to those given above tie A. 


In A as well as in A” the angles of position of the proper motions 
are taken positive in the sense north-west-south. 


We put further 
N,’ = N, +N,/’ 
N, = NAN,” 
=N,+N,” 
N’ =N +N” 
Then we have 


=n, +n, 
=Nn,+n,; 
=n,+n, 


=n +n," 
n’ = +n’ 


+n) 
” 
N;=;'+n,' 
N =N’ +7’ 


&,=p sin A cos o+g, sin A, cos 
=p sin A sin sin A, sin (o+y) 


Considering further that the angle of position of the observed 
proper motion lies in the first quadrant if u lies between —&, and 
and at the same time v between —7, and ©, etc., we have 


N,=N du dy 
N.=N— du dy 
eJ—m 
N,;=N— du dy 
(*+ 20 
N,=N— du dy 


From these we derive easily the following equation: 


hes Ans 


As 


we get in the same way 


N, +N —(N, +N, )=-- 4 dt dt. 


=é,, 


(4) 


(5) 
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Subtracting (5) from (4), we get for the first drift 
= { af e~* dt. (6) 


For the second drift, we get in the same way 


£,=p sin A cos o—g, sin A, cos (w+), (7) 
™ =p sin A cos o—g, sin A, sin (w+), 


2 
e~* af e~* dt. (8) 


Therefore, taking the two drifts together, 


Nn’ hes (Phy: 
{ dt e~* dt+ 
Ana (9) 
= af e~* dt. 
e/o ° 


Hough and Halm have shown that the mixture of the two drifts 
is not constant for the whole sky. According to these authors 
the law of proportion for the different parts of the sky may be 
tolerably accounted for by an equation of the form 
n 

cos B (10) 
s, and € being constants, 8 the distance from the center of the area 
considered to a point where the maximum density of the second- 
drift stars occurs. We may write this 


N—n=(N+n)at+(N-+n)C cos B (11) 
for the area A, and 
N” —n" =(N" +n" cos B (12) 
for the area A’’, a and C being constant for the whole sky. 
Therefore by addition 
cos B. (13) 


«4 Spectroscopic Determination of the Systematic Motion of the Stars,”’ 
Monthly Notices R.A.S., 70, 85, 1909; “(On the Systematic Motions of the Bradley 
Stars,” ibid., 70, 568, 1910. 
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If now we assume that the distribution of our stars over the sky 
is such that diametrical areas A and A” contain equal total numbers 
of stars, a condition that is approximately fulfilled in our case, we 
have 

N+n=N"+n". (14) 


Therefore, according to (13), n’/N’ will be constant. We will 
adopt 


n 
0-68, (15) 
the average value found by Eddington’ from the stars of the Pre- 
liminary General Catalogue. 
We thus get 
N’=0.500N, n’=0.404N. (16) 
We have further as a consequence of the definitions of g, and g,, 
N’g,=n'g,. (17) 
Therefore 
hg, =0.404h(g,+ =0.404hg, / (18) 
hg, =0.596h(g, +g.) =0. 596hg. \ 
We may still dispose arbitrarily of the directions of the axes OX 
of the systems of co-ordinates in the areas A. We will choose 
these in two different ways, first in such a way that for every region 
A the angle of position of the direction to the true vertex counted 
from OX is 45°. 
In this case 
w=45°—y. (19) 
The quantities N:, .... etc., N are completely determined 
by the empirical data and may easily be derived for every pair of 
diametrical areas. 
From (2), (7), (18), and (19) we derive 
hé, =hp sin A cos (45°—y)+0. 286hg.sin A, 
hyn, =hp sin A sin (45°—y)+0. 286hg¢ sin A, 
hé,=hp sin A cos (45°—y)—0. 421hg sin A, on 
hn. =hp sin A sin (45°—y)—0. 421hg sin A, 
Furthermore, from (9g) and (16) 


t “The Systematic Motions of the Stars of Professor Boss’s Preliminary General 
Catalogue,” Monthly Nolices R.A.S., 71, 38, 1910. 
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Ans 


2 
af e~* dt | 


The quantities , ,,and y having been computed for every area A 
by means of the adopted positions of apex and vertex, the quantities 
hE,, hn,, h€., and hn. will be determined by the equations (20) in 
function of the two unknown quantities hp and hg, and the second 
member of equation (21) will also depend on no other unknown 
quantities than these two. Taking now all areas together we get 
a set of equations between the quantities hp and hg that will be 
especially favorable for the determination of hg, but which will 
yield a value of hp, the weight of which is very small indeed. In 
order to obtain a more reliable determination of this quantity we 
will derive another set of equations. 

For that purpose we will now choose our system of co-ordinates 
in A in another way and let OX coincide with the direction to the 
antapex. 

We have then 


(21) 


(22) 


and from (2) and (7), with the aid of (18) 


hé, =hp sin +0. 404hg sin A, cos y, / (23) 
hé,=hp sin \—o. 5g6hg sin A, cos y. 23 
From equations (3) we derive for an arbitrary area A 
hes 


By combining this equation with the equivalent one for A”, 
by the aid of (16) we get 


+N, sof dt, (25) 
or combining again with the equivalent one for the second drift 


hes 


In this equation we have of course to take for N,.... N, 
the quantities corresponding to the new direction of OX. Taking 
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now all areas together we get a second set of equations which com- 
bined with (21) enables us to derive the quantities hp and hg by trial. 
It will be convenient to combine the equations (21) and (26) into 
a single equation for the whole sky, taking care of course that 
every pair of diametrical areas shall get its proper weight. In 
following up this idea we have chosen the weights in such a way that 
the first and second members of equations (26) were multiplied 
by sin , those of equations (21) by sin? A, - e~”’”’*"**, adopting in 
the latter expression for 4p a preliminary approximate value. 

_ For the sake of clearness we sum up what has been said about 

the method which will be applied below, as follows: 

We divide the sky into a number of areas which are by pairs 
equal and diametrically opposite. For every pair A and A” we 
derive the quantities N and further the quantities N., N., N,, N, 
in two different ways, viz.: 

1. Taking in every area A for OX the direction to the antapex; 

2. Taking in every area A for OX such a direction that the angle 
of position of the direction to the true vertex of the first drift 
becomes 45°. 

Corresponding to these two cases we have then the follo wing sets 
of equations: 


CASE 1 
hé, =hp sin A+0. 404hg sin A, Cos y 
hé,=hp sin A—o. 596hg sin A, Cos y 

(27) 

N sin so. e~"dt+o. e~*dt} = bis 
Vr 4 

> sin A} }(N:+N,)- (N.+N,;)! 

CASE 2 


hé,=hp sin A cos (45°—y) +0. 286hg sin A, 
hn, =hp sin A sin (45°—y) +0. 286hg sin A, 
hé,=hp sin A cos (45°—y) —0.421hg sin A, 
hy, =hp sin A sin (45° —y) —o.421hg sin A, 


he 
‘SN sin? "ASO, | e~*dt+ (28) 


sin? A, e~* sin’ As }(N.+N;)—(N.+N,)} 
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The quantities hp and hg have then to be solved by trial and error. 

Applications of the method.—In applying the method explained 
above first to the A stars and subsequently to the K and M stars 
of the Preliminary General Catalogue, we have excluded those stars 
of which it is known that they belong to local drifts. We thus 
excluded 23 stars belonging to the group of the Hyades and further- 
more the stars 8, 7, 5, €, and § Ursae Majoris. 

The sky has been divided into the following areas, according 
to the values of 2 and A, 2 being the angle Vertex-Apex-Star: 


TABLE I 
Limits of Q | Limits of A Limits of Q Limits of A 

A o° and 360° 0° and 30° H 270° and 315° 30° and 70° 

D 9 135 | 30 7° L 45 7° 110 
F 18° “ 225° |i go * 70° N 135° “ 180° ee 
G 225° 270° | 30° 7° 


and further the corresponding diametrical areas A’’, B”’, C’’, etc., 
together 26 areas. For the centers of the areas A, B, C, etc., we 
have adopted points not coinciding precisely with the geometrical 
centers of gravity, but points obtained in the following way. Leav- 
ing the co-ordinates of the stars of A, B, C, etc., unaltered, the 
positions of the stars A’’, B’’, C”, etc., have been transferred 
diametrically to A, B, C, etc. By combining now the positions of 
the stars of A, B, C, etc., with the transferred positions of the stars 
of A”, B’’, C’’, etc., we get systems of fictitious positions of stars. 
The centers of gravity of these systems have been adopted as the 
centers of the areas, A, B, C, etc. With the co-ordinates of these 
centers as arguments, the quantities A, A,, and corresponding to 
the different pairs of areas have been calculated. Of course this 
has been done for the different types of spectra separately. 

In combining the equations (27) the areas A and A’’, which 
should have hardly any weight and would, moreover, cause some 
difficulty, have been simply neglected. In order to use them in 
combining the equations (28), they have been subdivided again, 
each into four areas according to the following scheme: 


4 
4 
it 
| 
| 
f 
’ 
4 
\ 
? 
~ 


334 H. A. WEERSMA 
TABLE II 
sin A cos (45°—y) sin A sin (45°—y) ] sin A cos (45°—y) sin A sin (45°—y) 
A, + + A,” + + 
A, + A + 
A; + A,” 


the areas A,”, A,’’, A,’”’, and A,’’ lying evidently again diamet- 
rically to A,, A,, A;, and A,, respectively. 

The results —In the Tables III to VII the main results from the 
different groups of stars have been condensed. At the head of 
each table have been given: the designation of the group considered, 
the total number of stars included in the group, and the resulting 
values of kp and hg with their mean errors. In the tables themselves 
we have used for the sake of brevity the following notation. First, 
every pair of combined diametrical areas has been denoted by one 
letter, the combination of A, and A,” being indicated by A,’, of B and 
B’ by B’, etc. This notation has been given in the first column. 
Further, we have put 


hes 
o 


O-C = — P’ comp. 
O =(N.+N,)—-(N.+N,) 


hes ns (29) 
Qcomp. 0 so e~"dt+ 


he, Ans 
e~"dtt 
0; —C, obs. —Q' comp. 


The amounts of these quantities have been given in the columns 2, 

The values of P'comp. and Q'comp. have been computed for 
every group of stars by means of the values of 4p and hg at the head 
of the corresponding table. Further, in deriving the quantities 
P' P'comp., Q’obs., ANd Q’comp, the directions of OX have been 
taken in accordance with the systems denoted above under Case 1 
and Case 2, respectively. 
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The eighth column contains the numbers N defined above. In 
order to reduce the residuals O—C and O,—C, for the different 
* pairs of areas to quantities of the same weight, they have been 
divided by YN. The quantities obtained in this way are given 

in the ninth and tenth columns. 
TABLE III 


A Stars (No AREAS EXCLUDED), 1089 STARS 
hp=1.16, m.e.= 0.09; hg=2.28, m.e.= +0. 32 


P’ obs. (comp.)| O-—C Q’ obs. |Q’(comp.)) N VN Yu 

+15 | +23.8 + 2.2) @ | +0.15 
Ay’ ita +9 7.01 + 3:0] ga | ...5.. +0.31 
B* +59 | +42.8 | +16.2 +46 +51.4' — 5.4) 98 | +1.64 | —0.55 
C’ +67 | +45.5| +21.5| +4 | +37:7| —33-7| 90 | +2.27]| —3-55 
+41 | +37-6) + 3.4) | + 7.2| +13.8| 55 | +0.46 | +1.86 
E’ +57 | +61.7| — 4.7 — 1 — 2.§| + —0.52 | +0.17 
F’ +58 | +61.4 | — 3.4 +26 + 0.2| +25.8) 8 —o.38 | +2.89 
G’ +37 | +45.4|/— +15 | +7.4| 65 | —1.04 | +0.92 

H’ +22 | +20.5| + 1.5 +18 | +14.6| + 38 | +0.24 | +0.55 
J’ +24) + 1.6 +34 | +28.6 | + 5.4| 54 | +0.22 | +0.73 
K’ +74| +71.0| + 3.0 +68  +48.9 | +19.1 | 108 | +0.29 | +1.84 
+43 | +49.0| — 6.0 +29 +25.6/ + 3.4] 75 | —0.69 | +0.39 
M’ +34 | +45.6| —11.6 +30 +23.9 | + 6.1 70 —1.39 | +0.73 
N’ +48 | +55.5 | — 7.5 +36 +38.2 | — 2.2] 84 | —o.82 | —0.24 


TABLE IV 


A Stars (Areas C’ anp F’ ExciupEp), 919 STARS 
4 hp=1.22, me.=+0.00; hg=2.58, me.= +0. 21 


P’ obs. P’(comp.)) O-—C Q’ obs. Q’(comp.); N VN VN 
| +20 | +30.0| —10.0| 55 | ...... —1.35 
| +15 +-17.7 — 2.7) 1 ...... —0.33 
A,’ | +12 | + 4.8| + 7.2 +1.41 
3 +59 +38.6| +20.4 | +46 | +56.9 | —10.9| 098 +2.06 | —1.10 
+4r $37.7, +3-3| +21 | 55 | +0.44 | +1.51 
+57 | +63.2) — 6.2} —1 | —2.2/+1.2] 81 | —0.69| +0.13 
G’ +37 | +45.4| — 8.4) +15 | +10.5| + 4.5 | 65 | —1.04 | +0.56 
H’ +22) +19.3 | + 2.7 +18 +17.2} 38 +0.44 | +0.13 
J’ +24 | +20.2| + 3.8) +34 | +31-7| + 2.3] 54 | +0.52| +0.31 
K’ +74 +67.8| + 6.2 +68 +51.3  +16.7 | 108 | +0.60 | +1.61 
L’ +43 | +46.8 | — 3.8 +29 29.3; — 0.1 | 75 —0.44 | —0.01 
M’ +34 +43.4| — 9.4) +30 | +27.4| + 2.6| 7o | —1.12 | +0.31 
I} — 5.1 — 4.1] 84 —0.56 | —0.45 
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TABLE V 


K Stars, 1097 STARS 
hp=0.69, m.e.=+0.05; Ag=1.05, m.e.= +0.14 


P’ obs. (comp.)) O-C | Q’ obs. (comp.)| O:—C: N | YN VN 
A,’ | | +r + 8.2) — 7.2 | 62 | —0.9gI 
+7 |+1.3/ + 5.7] 27 | ...... +1.10 
BY +44 | +52.3| — 8.3} +28 | +26.9| + 1.1 | 112 —o.78 | +0.10 
+46 | +40.5 | + 5-5 +10 +12.1| — 2.1 | 84 +0.60 | —0. 23 
D +41 | +32.6) + 8.4) +7 | $1.2) +5.8| 63 | +1.06| +0.73 
E’ +56 | +39.8 | +16.2| — 3 | +1.1| — 4.1 | 73 | +1.90 —0.48 
F’ +45 | +38.2; +68) +5 | + 2.8) + 2.2] 69 | +0.82 | +0.26 
G’ +30 +31.1) — 1.1 +1 |+1.7| — 59 | —0.14 | —0.09 
H’ +23 | +27.7| — 4.7 +17 | +80, +9.0) 57 | —0.62 +1.19 
J’ +17 | +27.1 | —10.1 +6 | +14.4| — 8.4| 58 | —1.33 | —1.10 } 
K’ +55 | +59.0 | — 4.0 +23 | +25.0| — 2.0| 99 | —0.40 | —0.20 
L’ +50 | +44.2/) + 5.8 +20 | 74 +0.67 | +1.02 
M’ +309 +50.5| —11.5| +7 | +12.7' — 5.7/| 85 | —1.25 | —0.62 
N’ +54 | +53.6| +0.4] +20 | +21.5| — go | +0.04 | —0.16 

TABLE VI 
M Stars, 240 STARS 
hp=o0.76, m.e.=+0.06; hg=1.38, m.e.=+0.39 

P’ obs. P (comp.) o-C Q’obs. Q’(comp.) O:—C: N VN VN 
+7 +09 + 6.1 +2.03 
+3 | +0.7) + 2.3 9 +0.77 | 
B’ +16 | +14.8| + +12 +10.0| + 2.0); 32 +o.21  +0.35 
C +5 | + 2.5] + 2.5 II +0.45  +0.75 
D +0.9 — I + 1.1] — 2.1 II +0.27 | —0.63 
+15] +2 | +05) + 1.5 9 | +0.50  +0.50 
F’ +10/ +10.6| —0.6| —1 + 1.2) — 2.2| 18 | —o.14 | —0.52 
+5) +5.9] — I II —0.27 | —0.51 
+44) — 23.4) | + 2.8) — 2.8 9 | —0.47 | —0.93 
J’ +12 | +10.4,) $1.6) +12 + 7.8 + 4.2 24 | +0.33 | +0.86 
K’ +9 +4.0 + 5.0] 13 —o.22 | +1.39 
L’ +12 +13.2 | — 1.2 — 2 + 4.5 | — 6.5 22 —0.26 | —1.39 
M’ +22/ +18.1 + 3.9 ° + 6.1!) — 6.1 30 +0.71 | —1.11 
N’ +5] +10.0| —5.0| +3 | +5.2| — 2.2] 17 | —1.21 | —0.53 

In the first solution of the A stars the pairs of areas C’ and F’ 

 O--C 

yield somewhat large values for the residual quantities 7 N’ 


the former a negative, the latter a positive one (see Table III). 
Now the factor sin 7A,e~”**"* with which the terms given by the 


. 4 - 
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TABLE VII 


K AnD M Stars TOGETHER, 1337 STARS 
hp=0.70, m.e.=+0.05; hg=1.11, m.e.=+0.12 


| | 
P’obs. |P’(comp.)| O-C | Q’obs. |Q’(comp.)| O:i—C: | N | Ta | “Va 
Sep +232 | + 2.81 0.2! 46 ...%.. | +0.03 
+s | +3.4| gt | .-.... | +0.61 
B’ +60; +67.0! — 7.0, +40 | +36.4 | + 3.6 | 144 | —0.58 | +0.30 
C’ +53 +45.9 | + 7.1] +15 +15.0 0.0} 95 +0.73 0.00 
D’ +48 +38.7/ +6 | + 2.4) +3.6| 74°| +1.08 | +0.42 
E’ +63 | +45.4|+17.6| —1 + 1.6| — 2.6| 82 | +1.94 | —0.29 
F’ +55 | +48.5 | +4 t0.1]| 87 | +0.70 | +0.01 
G’ +35 | +37.0!] — 2.0} o | + 2.4| — 2.4] 7o | —0.24 | —0.29 
H’ +26 | +32.1 | — 6.1 | +16 | +10.0] + 6.0] 66 | —0.75 | +0.74 
J’ +29) +37.7| — 8.7 | +18 | +21.2 | 3-2 82 | —0.96 | —0.35 
K’ +62 | +66.6 | — 4.6) +32 +29.3 | + 2.7] 112 | —0.43 | +0.26 
L’ +62| +57.3/ +4.7| +18 | +15.5| + 2.5 | 96 | +0.48 | +0.26 
M’ +51 | +68.3) — 7.3) +7 | +18.3 | —11.3 | 115 | —0.68 | —1.05 
N’ +59 | +63.7| — 4.7| +23 | +26.8| — 3.8] 107 | —0.45 | —0.37 
| | | 


different pairs of areas enter into the equations (28) happens to be 
large for C’, and small for F’. The part which these pairs of areas 
have played in the calculation of hg must therefore be rather large 
for C’, and small for F’. As a consequence we see that the residuals 
of the other pairs of areas show some preference for positive values. 
It seems therefore probable that the value for hg obtained in the 
first solution will be somewhat too small as a consequence of some 
anomaly in the distribution of the proper motions in C’. The 
evidence for the reality of an abnormal character of C’ is increased 
by the fact that one of the two diametrical areas of C’ lies in Cygnus 
near a region of the sky which also appeared to behave anomalously 
in the researches of Mr. Eddington.* For this reason we have made 
a second solution for the A stars excluding now C’ and F’ (see Table 
IV). The values for Ap and hg resulting from this solution will 
probably be better than those from the first solution. Owing to 
the small number of M stars, the results for this class are necessarily 
somewhat uncertain. We have made for that reason another 
solution based on the K and M stars combined. The results of 
this solution have been given in Table VII. 

* Region Gy in Monthly Notices R.A.S., 57, 52, 1896; region VII in ibid., 71, 
37, 
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If now we compare the values of Ag derived from the different 
groups of stars, we see that this quantity decreases by a considerable 
amount if we pass from the A to the K stars. Adopting for the A 
stars the value of Ag from the first solution, we get a difference of 
1.23+0.35.' Adopting the value from the second solution we 
get 1.53+0.25. Passing now from the K stars to the M stars we 
get again some increase of the value for ig. But we get only a differ- 
ence of 0.33 +0.42, which may therefore be accidental. Finally, 
taking the K and M stars together, we get 


hg for A stars (first solution)—Ag for K and M stars=1.17+0.34 
hg for A stars (second solution) —/g for K and M stars=1.470.24 


Adopting for the A stars the value of ig from the first solution 
we get for the difference a value 3.4 times larger than the mean 
error, and adopting the value from the second solution we get a 
value 6.1 times larger-than the mean error. The difference cannot 
well be accidental, therefore. 

Denoting the mean internal velocity of the stars of a drift by 2, 
and considering that we have 


2 
we get: 
A stars (first solution) 
A stars (second solution) : ‘= 2.29+0.19 (30) 
K and M stars together : 6 =0.98+0. II | 


We see, therefore, that the second of the hypotheses mentioned 
at the head of this paper is clearly confirmed by our results. For, 
taking in every group of stars the mean internal velocity of the 
stars of the group as unity, the relative velocity of the two drifts 
expressed in this unit decreases with age. Or, stating the result 
in another way: if for every spectral class we take the relative 
velocity of the two drifts as unity, the mean internal velocity will 
increase with age. In other words, the phenomenon of star-streaming 


* We have used throughout the mean error, not the probable error. 
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shows itself in greater purity for the younger spectral types than for 
the older ones, which is in conformity with what Professor Kapteyn’s 
paper led us to expect. 

Of course the results hitherto considered do not enable us to 
decide whether the effect stated here is caused by an increase of 
the absolute value of the mean internal velocity, or by a decrease 
in the relative velocity of the two drifts; or, perhaps, by the two 
causes together. We may, however, express all the velocities in 
function of what is commonly called the sun’s velocity (). 
From Tables III, IV, and VII we get: 


A stars (first solution) : Fat .03 £0.08 
A stars (second solution): 1.08+0.08 (31) 
K and M stars : =0.62+0.04 


or, combining the values for hp given by these tables with the corre- 
sponding values for hg, 


A stars (first solution) : 1.97#0.31 
A stars (second solution): ren I1+0.23 (32) 
K and M stars 59*0.20 


If it were allowable to assume that the motion of the sun were 
the same relatively to the center of gravity of the K and M stars as 
it is relatively to that of the A stars, it would be easy to draw a 
conclusion. For in this case the quantity p would be equal for the 
two groups. Therefore the results of (31) would then prove 
clearly that the quantity 2 increases with age, while those of (32) 
would yield some evidence for a decrease of g with age, the latter 
being somewhat doubtful as a consequence of the relatively large 
amounts of the mean error. ; 

Recent unpublished results obtained by Professor Kapteyn 
make it doubtful, however, whether the assumption mentioned is 
permissible. As a consequence we cannot, from the results 
obtained above, draw safe conclusions about the quantities g 
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and & separately, without taking into consideration supplementary 
data. In order to meet the difficulty I have tried to derive the 
values of 2 in kilometers from spectroscopic velocities. The data 
I have used for that purpose have been taken from a list compiled 
by Professor Kapteyn mainly from spectroscopic velocities pub- 
lished by the observatories of Bonn and Yerkes, velocities of the 
centers of gravity of spectroscopic binaries published by Campbell, 
and some unpublished spectroscopic velocities derived at the Yerkes 
Observatory. By means of an examination of the corresponding 
astronomical proper motions, as given in the Preliminary General 
Catalogue, 12 stars from the list, belonging to spectral class A, and 
27 belonging to the classes K or M could be shown with very great 
probability to belong to the first drift. From the spectroscopic 
velocities of these stars the velocity V, of the center of gravity 
of the first drift relative to the sun has been calculated separately 
for the A and for the K and M stars. In doing so I have 
adopted for the co-ordinates a, and 6, of the apparent vertex of 
the first drift quantities chosen in such a way that they corre- 
spond with the adopted positions for the apex and the true vertex 
and with the values for g/p found above, viz.: 

for the A stars, a,=91°98, §8,=—12°5 ) 

for the K and M stars, a,=91°95, 6,=—15°1. 33 


I now made two solutions for every group: (a) assuming that the 
observed radial velocities for stars of a determined spectral class 
need a constant correction (for pressure-shift ?); and (6) neglecting 
such a term. I found: 


A stars, solution (a), V,=19.8 km 
A stars, solution (6), V,=21.1km (24) 
K and M stars, solution (a), V;=23.1 km \ a 
K and M stars, solution (0), V;=20.8 km 


From the residuals obtained by substituting these values for V, 
in the equations of condition, I derived the values for 22 correspond- 
ing to the four solutions of V, by multiplying the mean of the 
residuals (every residual taken with the positive sign) by two. I 
thus found: 
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A stars, solution (a), Q=13.4km 
A stars, solution (0), Q=15.3 km 
K and M stars, solution (a), Q2=24.6 km 
K and M stars, solution (6), Q=24.9 km 
We see that the values for 2 resulting from the K and M stars 
are considerably larger than the corresponding values for the A 
stars. We will adopt: 
A stars, Q=14.3 km (12 stars) (36) 
K and M stars, Q= 24.7 km (27 stars). 
By combining these results with those of (30) and (31), we find: 
A stars, first solution, p=14.7km; g=28.9 km 
A stars, second solution, p=15.4km; g=32.7 km (37) 
K and M stars, p=15.3km; g=24.2km 


(35) 


The results of (36) and (37) seem to show that the decrease of & 


with age, stated above, is due in larger part to an increase of 22, 
and in less degree to a decrease of g. 

Meanwhile, owing to the small number of radial velocities, our 
results in the form (36) and (37) are quite unreliable. We may, 
however, confidently expect better results in one or two years. 
For even now, if only existing observations were published, the data 
would probably be sufficient for the derivation of fairly trust- 
worthy results. Moreover, observations are now in progress on 
Mount Wilson for the express purpose of furnishing the data required 
for investigations closely related to the present one. 
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ON THE DISTRIBUTION OF BRIGHTNESS IN THE TAIL 
OF HALLEY’S COMET" 


By K. SCHWARZSCHILD anp E. KRON 


The expedition of the Potsdam Astrophysical Observatory, 
which went to Teneriffe in the spring of 1910, in charge of Professor 
Miiller, took with it for photographing Halley’s comet only a small 
stereoscopic camera in which either two Zeiss aplanatic lenses of 
23.3 mm aperture and 110 mm focal length, or an anastigmat by 
Goerz of 20 mm aperture and 180 mm focus could be used. The 
camera was supplied with a parallactic mounting and driven by a 


clock-work, but it had no slow-motions for accurately following — 


the movement of the comet, and the arrangements for focusing 
the camera were not adequate. The views of Halley’s comet 
obtained in Germany in the first months of the year were so un- 
promising that there seemed to be no reason for equipping the 
expedition more extensively in this respect, and the principal 
weight was attached to other problems. 

The photographs of the comet obtained by the expedition were 
a surprise to anyone who had. experienced the disappointment as 
to the appearance of the comet in Germany; but they are indeed 
not comparable with the plates obtained particularly at the Ameri- 
can observatories. However, we were able to derive from them 
results which appeared to us of interest, in that we could conclude 
as to the conditions of brightness in the tail of the comet from the 
blackening of the images on the plate, the necessary data for the 
photometric comparison having been provided for. ‘Two exposures 
of the comet were always made simultaneously on the same plate 
with the two precisely similar Zeiss aplanats, the objective of one 
having been stopped down to diminish the brightness by 0.4 
magnitude? For the plates taken with the Goerz anastigmat, 

t Translated from authors’ proof of a paper read before the Kgl. Gesellschaft 
der Wissenschaften zu Gottingen, 


2In consequence of an oversight this reduction was used, instead of that of 1 
magnitude, which was intended. 
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comparison scales were made with a tube photometer, constructed 
by Professor Eberhard, on plates of the same emulsion which were 
developed at the same time with the plates of the comet. 

In view of the lack of sharpness of the plates, it would have 
been of no purpose to derive from them the brightness at every 
point of the tail. It is also questionable, in view of the com- 
plicated structure of the tail, whether much could have been 
gathered from such a measurement even in case of the best plates, 
but the following question of a more summary nature seemed more 
promising. 

The brightness of the tail diminishes continuously from the 
head of the comet outward, aside from irregularities. This is 
necessarily in part due to the fact that the density decreases in the 
tail. The decrease of density occurs (1) because the material 
streaming out from the head is spread out over a constantly increas- 
ing cross-section, and (2) because of the simultaneous increase of 
the velocity with which the particles of the tail passed through this 
cross-section in consequence cf the repulsive force exerted by the 
sun. Now the question is whether these two circumstances are 
sufficient to explain completely the diminution of brightness of the 
tail in a quantitative manner, whence would then follow that the 
luminosity per unit mass of the material of the tail would remain 
undiminished during its travels in space; or, on the other hand, 
whether the decrease in the brightness of the tail is much more 
rapid than that of the density, which we should a priori regard as 
more probable for a tail showing essentially a gaseous spectrum, 
hence a so-called self-luminous tail. 

As is evident from the enormously low density of the tail (see 
below), we observe at each point of the tail the sum of the intensi- 
ties of the particles lying in the cone of vision, and there is no 
thought of one particle covering or absorbing the radiation of others 
in an appreciable degree. We also point out at once that the 
change of the distance from the sun and hence of the illumination 
by the sun makes little difference for the relatively short portions 
of the tail available for measurement. 

For settling the above question it suffices to determine “sec- 
tional intensities” of the tail, to make a set of photometric 
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measurements of the tail on a line perpendicular to the axis of the 
tail, and to find the sum or the integral of the intensities found 
along each such line. The lateral expansion of the tail no longer 
affects such sectional intensities, and they are dependent only on 
the velocity of the streaming in the tail, as to which we have 
sufficient data from other sources. 

Table I contains a number of these sectional intensities derived 
from the photographs of the expedition to Teneriffe. ‘The unit is 
arbitrary, varying from day to day. The distance, a, of each 
cross-section from the head as measured on the plate, is given in 
degrees. For the determination of these sectional intensities plates 
that are not very sharp are rather of advantage, inasmuch as they 
themselves integrate the small irregularities of the structure of the 
tail. 

The following corrections have already been applied to these 
figures: The intensity of the sky background was determined from 
the blackening of the plate away from the comet for each section, 
and was substracted from the total measured intensity. The 
extinction in the earth’s atmosphere for the wave-length 430 “mu 
was derived from the observations of the sun made on the same 
day at the same station by Messrs. Miiller and Kron. On May 
14 only was the weather uncertain and the extinction abnormally 
large, so that it is easily possible that the comet’s head was still 
more weakened at its low altitude on this day by the mist than 
would follow from the extinction determined for that day. This 
would make the intensity for the particles of the tail at a higher 
altitude still too large in spite of the correction for extinction, and 
the results of May 14 have accordingly been subsequently given 
only one-half weight. 

It was further to be noticed that the distance A’ of the different 
portions of the tail from the earth is not the same, and that the cross- 
section perpendicular to the apparent axis of the tail as seen from 
the earth in fact forms a varying angle with the axis of the tail. 
A change in the distance A’ causes no change in the surface bright- 
ness, but the cross-section of the tail varies inversely proportional 
to A’. Hence all the sectional intensities are to be multiplied with 
A’ to reduce them to the same distance. Further, if the angle of 


fi 


| 
| 
| 
| 
| 4 
} 
| 9 
| 
| 


fi 


BRIGHTNESS IN TAIL OF COMET HALLEY 345 


the axis of the tail with the line of sight is ¥’, the cross-section 
will be increased as compared with the normal view in proportion 
to 1/sin ’, if we regard the tail as cylindrical for a short distance. 
Hence the sectional intensities are to’ be multiplied by sin W’, in 
order to reduce them to sections perpendicular to the axis of the 
tail. The curvature of the tail amounts to only a few degrees in 
the case of the distances in question here, so that the axis of the 


tail CC’ may be regarded as coinciding with the prolongation of 
the radius vector SC from the sun to the comet. But we derive 
from the triangle SEC’ (sun-earth-particle) 


A’ sin sin 


R and 2, and hence also the quantity A’ sin y’, are constant for each 


plate as we proceed along the tail. Hence it follows that the two 
effects just considered do not together alter the relations of the 
sectional intensities which mutually counterbalance in so far as 
they here come into consideration. 

Finally, we investigated (by direct plates of a surface of constant 
brightness) how the surface brightness of the image depends on the 
distance from the axis for the objectives employed, and we applied 
for this a small correction. 

The numbers in Table I accordingly give the actual relations 
of the sectional intensities at the time of each exposure. 

We have now to investigate how far the sectional intensities 
contained in Table I are affected by the increasing velocity of the 
stream of the tail. If J is the sectional intensity and V the average 
velocity of the stream through the cross-section, then we must 
have 

I-V =a constant, (1) 
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provided that the stream is stationary and that each particle of 
the tail retains its luminosity unaltered." 


TABLE I 


MN oe een os May 1 May 3 May 7 May 8 May 9) May 9 May 10 May 12 May 14 
Objective.... Zeiss Zeiss Zeiss | Zeiss Zeiss Goerz | Goerz Zeiss Zeiss 
DISTANCE INTENSITY I or Cross-SECTION 


HEAD 


ee ms 1.1% | 2.33 | 2.78 | 2.52 | 2.89 2.65 2.23 | (2.82) 
©.976 | 2.57 | 2.78 | 2.00 | 2.30 2.05 1.69 (2.56) 
1.04 0.72 | | 1.29 | 1.42 | 1.03 1.64 1.47 
1.20 0.75 

1.30 : 0.70 | 1.30 | 1.30 | 1.32 | 1.64 1.4 I (2.23) 
1.24 | 1.06 | 1.04 | 1.38 1.25 

1.72 

1.82 0.58 

2.08 es 1.01 | 1.07 | 0.88 | 0.97 1.03 1.02 | (2.35) 
oe .... | 1.00 | 0.88 | 0.69 | 0.48 0.77 0.77 | (2.05) 
ae 0.80 | 0.70 | 0.53 | 0.30 o.61 0.74 ; (2.09) 
0.74 | 0.55 | 0.41 | 0.26 °.50 0.64 (1.60) 
ee ee 0.74 | 0.45 | 0.32 | 0.28 0.45 0.56 (1.70) 


As to the velocity V, we may assume for the small portion of 
the tail here in consideration that the repulsive force of the sun is 
constant and operates in an invariable direction, so that the motion 
of the particles of the tail relatively to the head is simply a motion 
of free falling, but solely in the direction away from the sun. 
The initial velocity being assumed zero, we therefore have for it 
the formula, 

V=constant-} a. 

In Publications of the Astronomical Society of the Pacific (22, 
125, 1910) H. D. Curtis has communicated the following summary 
of the observed velocities V of the separate knots in the tail. The 
values designated by him as uncertain have been omitted. 

t This equation is also valid if several streams of different velocities are super- 


posed, provided that the velocity in all cases increases in the same relation with 
increasing distance from the head. 
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TABLE II 

Dat | V km/sec | 

a a m/sec a 

©.0100 19.3 193 
0.0147 31.8 263 
0.0712 72.4 271 
©.0905 QI.2 303 


7 
If we form the quotient _- we see that for distances from 
| 


the head greater than o.o1 the values are nearly constant; also 
that we may infer from the observations at most a tendency to a 
more rapid increase of the velocity with the distance from the 
head as compared with the parabolic formula. 

If we assume the parabolic formula, and accordingly form the 
products J-)/ a, then we obtain the numbers in Table III, in which 
for clearness the value of the product for a distance from the 
head of 0°52 (1 mm on the plates taken with the Zeiss aplanat) 
has been placed equal to unity. The last column contains the 
geometrical mean from the results of the separate plates, in which 
the few values of May 1 have been omitted and those of May 14 
have been given only one-half weight. 

Contrary to our expectation, it follows from these figures that 
the decrease in brightness of the comet's tail is for the most part 
explained by the falling off in density. We cannot insist on a 
precise constancy of the numbers, for the actual relations in the 
comet’s tail are too complicated and too little explained: first of 
all the streaming is not stationary, as was assumed in deriving 
equation (1). With increasing activity of the comet, it is presum- 
able that the portion of the tail nearest to the head would become 
brighter; and with decreasing activity, that the end of the tail 
would retain a relatively greater brightness. It is also difficult to 
estimate the possible magnitude of the systematic errors of our 
measurement. 
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348 
TABLE III 
| 
‘May :|May 3| May 7; May 8 May 9 May 12| May 12 May 14) May 13-14 
| | 
Objective..| Zeiss | Zeiss | Zeiss | Zeiss | Zeiss Goerz Goerz | Zeiss | Zeiss | 
DISTANCE = GEOMETRIC 
dase IVa MEAN 
1.00 | 1.00 | 1.00 | 1.00 | 1.00] 1.00 | (1.00) 1.00 
ere .-.. | 0.83 | 0.98 | 0.75 | 0.97 | 0.97 0.95 ©.93 | (x.11) 0.92 
0.91 | 0.84 0.65 | 0.79 | 0.94 0.88 0.93) .... 0.84 
0.99 | 0.88 | 0.74 | 0.83 | 0.90 0.84 0.93 | (1.25)| 0.89 
| 0.92 | 0.66 | 0.71 | 0.83 | 0.82 | 0.93 0.81 a 
Sh ae | cae 0.95 | 0.77 | 0.64 | 0.67 °.78 ©.g1 | (1.66) 0.84 
3-13 1.05 | 0.78 | 0.67 | 0.41 0.71 0.84 | (1.77 0.77 
Se 0.97 | 0.71 ; 0.60 | 0.30 0.65 0.93 | (2.09) 0.71 
1.10 | 0.56 | 0.44 | 0.34 0.59 0.87 (2.08) 0.66 
Ss eee 1.00 0.63 | 0.51 | 0.2 0.60 0.91 | (1.79) 0.66 
0.88 


The constancy of the numbers would moreover be better in 
the mean if we should give a higher value to the increase of velocity 
than in the case of a freely falling body, according to the data of 
Curtis. But even if we select the series decreasing most rapidly, that 
of May 9, we should still derive from it that the luminosity of the ¢ 
particles of the comet had only decreased to one-third of its value a) 
in a period of three days: for this length of time is required accord- | 
ing to Curtis’ velocities for the particle to proceed to a distance 
of about 6° from the head of the comet. It appears hardly prob- 
able that such a duration of the luminosity could be disputed from 
the energy of the matter in the tail. But, contrariwise, our result i 
is immediately explained if we assume that in the tails of comets 
we are concerned with fluorescent or resonance radiation excited by 
solar radiation. Wright (Lick Observatory Bulletin, No. 174) very 
probably observed the resonance radiation of sodium in the spectrum 
of the tail of Comet 1910 a. We should have to assume an anal- q 
ogous origin for the band spectum of CO and CH in the tail of 
Halley’s comet. The intensity of fluorescence per unit of mass 
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would further not be constant along the tail, but would decrease 
with the square of the distance from the sun. This gives on the 
average for the above days of observation a decrease of about 15 
per cent for an apparent distance of 6° from the head. This there- 
fore makes little difference qualitatively, but conforms in sense with 
the observed values. 


In what precedes we have investigated only the relative bright- 
ness of the different parts of the tail, but the photographs of the 
expedition to Teneriffe also enable us to derive the absolute bright- 
ness in consequence of the fact that on most of the pictures the stars 
have, in consequence of inaccurate focus, disks of sufficient size 
so that the diameters (0.1 to o.3 mm) can be measured, as well 
as their amount of blackening. Table IV, which follows, gives for 
each date the comparison star used, and its magnitude according 


TABLE IV 
Date Comparison Star Magnitude i | a I | E. 
| om 

May z...:. 10 Piscium | 4.38 | 0.84-10—"| | 1.8-10—"| 2.2.10" 
4.38 °.70 1.2 1.4 1.7 
May ?..... 35 Piscium 5.93 1.14 | | 1.8 1.9 
May 8..... | 5.93 | 0.89 1.6 | 1.1 
May 9..... | | 1.43 | | 8.9 1.7 
May12..... x Piscium | 6.28 | 1.41 2.0 | 2.1 1.5 
May 14 | 6.28 | 0.75 | 


| 
| 


to the Gottingen Actinometry reduced to the Harvard system. The 
mean surface-brightness of the sun was chosen as the unit of 
surface-brightness, and the value —25.8 mag. was adopted as the 
photographic stellar magnitude of the sun on the Harvard system, 
as given by O. Birck in his Géttingen dissertation in 1908. From 
this was derived the surface-brightness of the comet’s tail at the 
brightest point of the cross-section at a distance of 0°52 from the 
head; the results are contained in the fourth column of Table IV. 
The sectional intensities can of course be reduced to the surface- 
brightness of the sun by applying the same factors. In the column 
headed a will be found the apparent distance from the comet’s head 
of a point on the radius vector of the comet at an actual distance from 
it of 0.015 astronomical units. Under the heading J will be found 
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the sectional intensities interpolated from Table I for this distance 
from the head, and referred to the surface-brightness of the sun. 

As soon as we attribute the luminosity of the tail to the reflec- 
tion or resonance of solar radiation, the absolute surface-brightness 
of the tail gives us a datum for the density of the material of the 
tail; and the absolute sectional intensities can be used in connection 
with the determinations of velocity, in order to get some idea as to 
the amount of matter given off by the comet in forming its tail. 
Let us at first imagine that the tail consists solely of spherical 
particles of radius p which uniformly diffuse the sunlight in all 
directions' without loss by absorption. Let ” be the number of 
particles to the unit of surface, as seen from the earth; and A be 
the solar radius, and let the distance of the portion of space from 
the sun be 7, as above. Then the surface-brightness as compared 
with the surface-brightness of the sun is 


' A? 
(2) 


If g is the co-ordinate perpendicular to the radius vector and 
to the line of sight, the sectional intensity will be 


I = f ndq. (3) 
2r 


If we return now to only the actual particles which form the comet’s 
tail and to which we may give a radius p, and a specific weight s, 
then we may still ascribe to each particle a certain “effective”’ radius 
p such that the above formulae will be satisfied. The magnitude 


g will then represent a sort of albedo. The total mass of the 


comet’s tail which will be projected on the unit of surface as seen 


from the earth will be 


= Po 2 Gr? 
: 


If we imagine the tail of the comet so compressed along the line 
of sight that it assumes throughout the maximum density pre- 
vailing in its central portion, and if we call the resulting thickness 


t Forward as well as backward, as particles do whose diameters are less than the 
wave-length of the light. 
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of the tail in the direction of the line of sight, p, then we obtain 
for this maximum density 
3 2 4gy2 
4 
The total mass which passes through the cross-section of the 
tail in a unit of time, or the “productiveness,” becomes 


Po\? Tr 

E= ndq iv.(") 
The unit of length employed above in computing the sectional 
intensity was 0.2 mm on the plates taken with the Zeiss aplanat, 
corresponding to 6/2. The actual magnitude of this unit of 
length is Asin 6/2, 4 being the distance of the comet. The 
above quantities J are therefore still to be multiplied by this. If 
we finally apply the factor sin ¥, which as stated reduces to normal 
presentation, then the complete formula for computing the pro- 

ductiveness from the sectional intensity J of the table is 


sE,, sin sin 6/2. (5) 


The figures of Curtis for the velocity of streaming at a distance 
of 0.015 astronomical unit from the head come out about v= 32 km 
per second. With these data the values E, of Table IV were com- 
puted in units of the C.G.S. system. On the average we therefore 
have, approximately, 


E=1.5X10" 
p 


If we assume that the section of the tail in space is of approxi- 
mately cylindrical form, then we should derive from a side view 
of the tail at o°5 distance from the head a thickness of the tail p 
(in the above explained sense) of about 300,000 km (3 X 10cm). 
Hence with the use of the average value i=1.0X10~™ from Table 
IV, it follows that 


8 
( ) 
p 


We shall now follow out two assumptions as to the nature of 
the particles: 

1. In accordance with the theory of Arrhenius as to light- 
pressure, let the particles be of the order of magnitude p,= 1074 cm, 
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the specific weight being one. The effective radius for such 
particles will be of the same order as the actual radii, and we will 
here simply place p=p,. We here overlook the fact that such 
particles should chiefly reflect the solar spectrum instead of giving 
a band spectrum, and we ought to take into account in our compu- 
tation for them only the fraction of the light of the tail which 
consists of reflected sunlight. 

2. We regard the particles as fluorescing molecules whose radius, 
Po, is then of the order 10~* cm. It is not improbable that the effec- 
tive radius of such a molecule is similarly of the same order of size 
as the actual radius," so that we again place p=p, and take 20 as 
the molecular weight. In the two cases we obtain: 


Hyportuesis I 
E=1500 kilograms per second, 
8=2X1077!; 


Hypotuesis II 
E=150 grams per second, 
8=4X 10774. 

The free path of the molecules at the last density would be of 
the order of 10°? cm, corresponding to the distance of the nearest 
fixed stars, so that collisions would no longer occur. 

If we expose the earth for a whole day to a current of density 
10-” having a velocity of 100 km per second (these figures must 
roughly hold good according to Curtis’ velocities and according to 
Hypothesis I for the transit of the earth through the comet’s tail), 
then on each square centimeter of the earth’s surface there will fall 
a mass of 10~" grams, carrying an energy of 1/10,000 gram-calories. 
The total mass caught by the earth amounts then to 250,000 kilo- 
grams. Since these figures may be regarded as upper limits, we see 
how little material action from the transit by the comet’s tail was to 
be expected. 

POTSDAM 

May 


* This holds good at least if the fluorescence is due to the fact that a few electrons 
in the molecule damped only by radiation swing about their position of rest with fre- 
quencies of the order of those of light. 
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A DETERMINATION OF THE MELTING-POINTS OF 
TANTALUM AND TUNGSTEN 


By WILLIAM E. FORSYTHE 
INTRODUCTION 


In measuring temperatures much above 1550° C.., the limit so far 
attained with the constant-volume nitrogen thermometer, the best 
available method is to determine the temperature in terms of the 
radiation from a standard source. The standard source that is 
taken is Kirchhoff’s ‘black body,’”’ and the best way of expressing 
the temperature, at least tentatively, is in terms of a temperature- 
scale based on either the Stefan-Boltzmann or Wien law of radia- 
tion. The usual form of the Stefan-Boltzmann law is 


E=A (T,T;—T,T/,), 


where E£ is the total radiation sent out from the radiator at tem- 
perature 7,, to the receiver at temperature T,, A being a‘constant. 
The use of this law requires a measurement of the total radiation 
falling upon the receiver. 

Wien’s equation is 

Ex=c,+ AS +e 
where £, is the energy sent out from the radiator corresponding 
to the wave-length A and the temperature 7, c, and c, being con- 
stants. The use of this equation requires a measurement of the 
energy corresponding to a particular wave-length. 

The temperature-scales as defined by these two relations agree 
with the nitrogen thermometer up to 1550° C. and have been shown 
by Lummer and Pringsheim‘ to agree with each other up to about 
2000 C. and by Gillett? to be in approximate agreement up to 
about 2500° C. 

The temperature of a non-black radiator obtained by measuring 
the energy corresponding to a particular wave-length is called the 

' Verhandlungen der deutschen physikalischen Gesellschaft, 13, 36, 1911. 

2 Journal of Physical Chemisiry, 15, 213, 1911. 
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“black-body”’ temperature and may be defined as the temperature 
at which a black body would send out the same amount of radiation 
of this wave-length. The black-body temperature of any substance 
will depend upon the condition of the surface, the departure from 
the true temperature being greater the higher the reflecting power. 
Since the black-body temperature in general depends upon the 
wave-length considered, in giving this temperature the wave-length 
should be specified. 

Thus, to determine the true temperature of the melting-point 
of a metal with an optical pyrometer, either the metal may be 
melted in a black-body furnace and the temperature taken by 
observations of the furnace through a small opening, or the black- 
body temperature of the melting-point may be found by taking 
observations upon the melting metal with the optical pyrometer, 
and the difference between the black-body and the true temperature 
determined by some other means. 

The present work gives the results of the direct measurement of 
the melting-point of tungsten in a black-body furnace and of 
tantalum and tungsten by a filament method, together with meas- 
urements of the black-body melting-point of both tantalum and 
tungsten by several methods. These black-body melting-points 
have been reduced to true melting-points by a method to be 
described later. 

ERRORS 

An error may be introduced in measuring the temperature of a 
black-body furnace due to the furnace not being in condition to give 
black-body radiation, which would make all temperatures as meas- 
ured from it too low. The furnace will not give out black-body 
radiation if its walls are not uniformly heated or if there are too 
many or too large openings in the walls. A simple qualitative test 
of blackness is given by the degree of invisibility of objects of 
different radiating powers placed within the furnace. The condi- 
tion of blackness of the furnace should be further tested by obser- 
vations at some known temperature. 

A second source of error may be introduced by faulty calibration 
of the pyrometer. This may be due to an error of setting the 
comparison lamp for a balance with the standard black-body 
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furnace; but if several readings are taken, and care is exercised 
always to use the same part of the filament of the comparison lamp, 


TABLE I 

COMPARISON OF PYROMETERS 

Source Spectral With Glass 
1861 1858 
| 2080 2078 
Graphite tube furnace.............. | 1990 1990 
Graphite tube furnace............... 2370 2380 
Graphite tube furnace .............. | 2480 | 2490 


this error may be very much reduced. Also the temperature of the 
standard black body used in calibrating the pyrometer may not be 
known accurately—an error of one degree at 1500° C. leading to an 
error of 3° C. at 3000° C. 

In measuring temperature with an optical pyrometer an error 
may be introduced in determining the wave-length used with the 
colored glass, as the position of the maximum effective transmission 
of the glass may depend upon the temperature of the source, that 
is, on the distribution of energy in the source. To overcome this 
difficulty Professor Mendenhall" designed a direct-vision prism 
spectroscopic pyrometer by means of which observations can be 
made with light having a spectral range of not more than 25 Ang- 
strém units. Setting this pyrometer for A=o.658 #, which was the 
wave-length corresponding to the position of the maximum trans- 
mission of the colored glass used on the other pyrometer, the spectral 
pyrometer was calibrated and the two pyrometers compared. In 
Table I are compared the results for the different temperatures and 
different sources taken with the spectroscopic and regular pyrom- 
eter, which show that within the limits of setting the two agree. 

In any determination of a melting-point an error is always liable 
to be introduced due to an uncertainty as to the exact time of 


* Physical Review, 33, 74, 1911. 
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melting; furthermore, some chemical reaction may take place in 
the furnace between the metal and some gas or vapor that may be 
present, thus raising or lowering the melting-point. The method 
taken to guard against the above errors will be pointed out 
farther on. 

In comparing high-temperature measurements there is much 
confusion due to the use of three different values for the melting- 
point of platinum. In Germany two temperature-scales are in use, 
the one giving the melting-point of platinum as 1788° C., the other 
placing this temperature at 1745°C. In this country most of the 
work is referred to the melting-point of palladium at about 1549° C. 
and that of platinum at about 1755° C., and in this paper we shall 
accept these, which are the values of Day and Sosman.' The con- 
stant c, of Wien’s equation will be taken as 14,500, while the 
wave-length used with the optical pyrometer was 0.658 #. 


PREVIOUS DETERMINATIONS 


In recent years there have been several determinations of the 
melting-points of tantalum and tungsten by indirect methods 
requiring extrapolation of several hundred degrees to reach the true 
melting-point. The first attempt to measure these high tempera- 
tures was in 1906 by Waidner and Burgess,’ who found a value for 
the black-body melting-point of tantalum and tungsten by obtain- 
ing an equation between the current and the black-body tempera- 
ture of a filament in a commercial lamp and then noting the current 
required to melt the filament. As this equation was obtained from 
measurements made below 1goo0° C., an extrapolation of about 
1000° C. was required to reach their values for the black-body 
melting-point. To obtain the true temperature they assumed for 
tantalum and tungsten a relation between the black-body tempera- 
ture observed with red light and the black-body temperature 
observed with blue light, a relation which had been found to hold 
very well for platinum. Their final value was 3080° C. for the 
melting-point of tungsten, and 2910° C. for the melting-point of 
tantalum. The method they used to obtain the relation of the 

* American Journal of Science (4), 29, 93, 1910. 

2 Journal de Physique (4), 6, 830, 1910. 
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black-body temperature to the true temperature may give rise to 
a considerable error, and moreover von Wartenberg* has shown by 
direct observation that the black-body melting-point of unpolished 
tungsten is about 100° C. lower than the value they obtained. 

In 1910 von Pirani? found for both tantalum and tungsten a rela- 
tion between the true temperature and the black-body temperature 
by measuring the true temperature with a thermocouple between 
twisted filaments of the metal, and the black-body temperature 
with a Wanner pyrometer sighted at these twisted filaments. 
Whether the thermocouple would give the true temperature, or a 
temperature higher or lower than that of the surface, would depend 
upon how closely the wires were twisted together, while without 
doubt the black-body temperature as measured would be too high, 
due to the fact that the openings between the twisted filaments 
would more or less approach a black body in their radiation. 
These measurements on the true temperature and the black-body 
temperature were made below 1700° C., and to extrapolate to the 
melting-point it was assumed that the energy used in the filament 
varied as the mth power of the absolute temperature, that is: 

E=e -i=AT™, or 
log ei=A'+-m - log T, 

where e is the applied voltage and 7 the current through the fila- 
ment. This equation, which is linear in log ei and log T was tound 
to hold over a small range of temperature, about 500° C., and was 
then assumed to hold up to the melting-point, which was 1300° 
higher. After applying a correction, Pirani’s final result was 
3250 C. for tungsten and 3000° C. for tantalum, using the scale 
giving the melting-point of platinum as 1745° C. This correction, 
of about 200°, added to the results as obtained by extrapolation, 
was due for the most part to two causes: the first being the con- 
clusion that his temperatures as measured around 1600° C. were too 
low and the second the fact that in the equation log ei=A'+m . 
log 7, m cannot remain constant but must decrease with increas- 
ing temperature. A similar extrapolation gave for Waidner and 
Burgess (loc. cit.) a result for the black-body temperature of the 

* Berichte der deutschen chemischen Gesellschaft, 40, 3287, 1907. 

2 Verhandlungen der deutschen physikalischen Gesellschaft, 12, 301, 1910. 
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melting-point that seems to be about 100° too high, so that a like 
error may be introduced here. As Pirani gives no values for the 
black-body melting-point, a direct comparison cannot be made. 

Later,’ with somewhat similar extrapolations, Pirani found the 
black-body melting-point of tantalum and also measured this 
melting-point with a pyrometer. From this black-body melting- 
point and the reflecting power of tantalum the true melting-point 
was found by the same method as that used by von Wartenberg, 
which is described below. This result seems to be free from some 
of the objections stated above, as no corrections due to errors in 
the method were made. 

Wartenberg (Joc. cit.) in 1910 obtained the black-body melting- 
point of tungsten by melting this metal in a vacuum tube, in 
which a small piece of tungsten was mounted as an anode; the dis- 
charge from a Wehnelt cathode sent down upon it raised the 
temperature to the melting-point. Later he? measured the reflect- 
ing power of tungsten and was thus able to apply the equation used 
by Holborn and Henning to compute the true temperature. This 
equation, derived directly from Wien’s radiation equation, is 


1/S—1/T=c,/A - log A/log e, 


where T is the true temperature, S the black-body temperature, c, 
the constant of Wien’s equation, > the wave-length used, A the 
absorbing power, that is (1—R), where R is the reflecting power. 
Wartenberg tested this relation for several different metals and 
found that it held within his limits of error up to about 2400° C. 
By applying this equation to his values for the black-body 
melting-point of tungsten he obtained about 2930° C. for the true 
melting-point. 

The only attempt to measure the melting-point of tungsten and 
tantalum by a direct method was by Ruff} in 1g10, using a vacuum 
furnace with a heater tube of carbon. In this furnace the heater 
tube had in it longitudinal slots that served the double purpose of 
allowing observations to be made upon the temperature inside and 


* Verhandlungen der deutschen physikalischen Gesellschaft, 13, 540, 1911. 
2 Tbid., 12, 105, 1910. 
3 Berichte der deutschen chemischen Gesellschafl, 43, 1564, 1910. 
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also of increasing the resistance. The metals studied were placed 
in the furnace in the form of Seger cones and the temperature taken 
when the cones toppled over. Ruff obtained for the melting-point 
of tungsten by this method about 2650° C. The work of Warten- 
berg (loc. cit.) indicates that this is far too low, as it is 100° C. lower 
than the black-body melting-point. 


DIRECT DETERMINATION 


The vacuum furnace used in this work was designed in this 
laboratory by Mr. Steve and Mr. Barnes along the same general 
lines as the furnace of Arsem' of the General Electric Company 
and that of King? of the Mount Wilson Solar Observatory. 

In this furnace, as shown in Fig. 1, the terminals, heater tube, 
etc., were all inclosed in an air-tight, water-cooled jacket made of 
iron pipe. The jacket was mounted vertically, with all the working 
parts of the furnace fastened to the top plate so that they could be 
easily removed. In order to be able to observe the inside of the 
furnace there was a window in each end 6 cm in diameter covered 
with plate glass o.7 cm thick, held in place between two rubber 
gaskets. The terminals consisted of copper tubes 1.3 cm in exter- 
nal diameter and 1 cm in internal diameter, each terminal being 
mace of two of these tubes, for inflow and outflow of cooling-water, 
which were connected at the bottom with a hollow brass casting, 
to which was fastened the graphite clamps for holding the heater 
tube. The graphite clamp just fitted the ends of the heater tubes 
of Acheson graphite which were obtained from the Acheson Graphite 
Company, turned to the size and shape desired. The heater tubes 
were 30 cm long, 1.4 cm in internal diameter, and 1.9 cm in external 
diameter, excepting about 2.5 cm at each end which were 2.5 cm 
in diameter. This made the thickness of the hot part of the tube 
wall about o.3 cm. No allowance was made for the expansion of 
the heater tube other than slipping in the graphite clamps. To 
insulate the heater tube from losses of heat to the sides of the jacket 
it was surrounded by two carbon tubes, as shown in the figure, it 
being found that when the inner insulating tube was removed the 

' Transactions of American Electrochemical Society, 9, 153. 1906. 

? Astrophysical Journal, 28, 300, 1908. 
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maximum temperature obtainable with a given applied voltage was 
about 400° C. lower than when it was in place. 


SS 


water jacket 


carbon tube 


Fic. 1 


The heating current was taken from a transformer, the current 
through the primary being regulated by two electrolytic rheostats 
of copper sulphate solution in earthenware tanks. These two 


4 
1 Wa \\ PZ 
: 1 pump 
| 
x 
Wo 
N 
a 
N 
| | 
Ee 
1 
mS 
water inlet 


MELTING-POINTS OF TANTALUM AND TUNGSTEN 361 


rheostats were connected in parallel so that a small variation of 
current could be obtained and the temperature easily controlled. 
Most of the high-temperature work was done with the transformer 
set so as to give 30 volts from the secondary, and with this arrange- 
ment and all the primary resistance in, the primary would draw 
about 150 amperes, which gave about 550 amperes through the 
heater tube. Table II gives the current through the heater tube, 
the voltage across the copper leads, and the resulting temperature 
of the furnace. If the temperature of the furnace was not raised 
above 2950° C. a heater tube would stand two or three runs; i 
raised much higher would stand but one run, and at a temperature 
higher than 3000° C. the tube would last but a few minutes.’ 

To obtain the vacuum in the furnace an electrically driven 
Fluess air-pump was used giving a vacuum of a few tenths of a 
millimeter pressure, which we were able to hold in the furnace for 
several days. However, when the furnace was run at the high 
temperatures, the pressure was hardly ever less than a few milli- 
meters. 


TABLE II 
Current through Voltage across | Temperature of 

Heater Tube Copper Leads urnace 
550 amperes 10 volts 1500° C, 
79° | 13 I 780 

1000 16 2110 

1100 | 18.3 2425 

1175 20 2650 

1240 21.5 2900 

1400 | 25 3100 


A disk of graphite about o.1 cm thick was placed inside the 
heater tube somewhat nearer the lower end of the tube and held in 
place by a graphite rod 0.6 cm in diameter at the lower end and 
o.2 cm in diameter at the top, this rod being insulated from the 
remainder of the furnace to prevent the formation of an arc at the 
center of the heater tube. 

That the necessary conditions for black-body radiation were 
satisfied was shown by a careful determination of the melting-point 
of platinum with a calibra ted optical pyrometer. The results 


* Watts and Mendenhall, Physical Review, 33, 65, 1911. 
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indicated a very satisfactory condition of blackness, since the value 
obtained for the melting-point agreed well with the best accepted 
values. Again, after the furnace had been run on steady current 
for a few minutes no difference could be detected between the 
temperature of the disk and the walls of the heater tube; further- 
more, small pieces of magnesium oxide, small pieces of tungsten 
filaments, and a tungsten cone could not be seen when in the 
furnace unless they projected over an opening between the disk and 
the walls of the heater tube. 

The specimens to be melted were carried by an arrangement 
shown in Fig. 1, the specimens being in the form of hairpin filaments 
©.014 mm in diameter, the free ends being fastened to the two arms 
of the carriage. When a specimen was wanted in the furnace it 
was turned in place by the handle A and then pushed down in the 
furnace by the handle Z. The specimen s completed an electric 
circuit so connected to a relay that a bell would ring when the 
specimens melted and broke the circuit. 

The temperature of the heater tube was measured with an 
optical pyrometer sighted through the plate-glass window on the 
disk in the heater tube. This made necessary a correction for 
the light absorbed and reflected by the plate glass which was 
easily determined by measuring first the temperature of some steady 
source with the pyrometer and then the apparent temperature of 
the same source when sighted through the plate glass. _ For the first 
case, from Wien’s equation, 


E,=c, aT, 
where E, is the energy corresponding to the black-body temperature 
T,. For the second case, through the plate glass, 

E,=¢, 
where £, is the amount of light passing through the plate glass from 
the source at the black-body temperature 7,, 7, being the (appar- 
ent) black-body temperature corresponding to £,. Taking the 
logarithms of these two equations and substracting the first from 
the second, 


log E,)=log K=c (1/T.—1/T;), 
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where K is the fractional part of the light let through by the plate 
glass and c=c,/A(—log e). This equation is linear in 1/7, and 
1/T,, the graph of 1/7, as a function of 1/7, making an angle of 
45° with the axis. Thus a measurement of T, and T, at but one 
temperature would give the correction at all temperatures. In 
practice, however, 7, and 7, were measured for several tempera- 
tures, using as a source a Nernst glower mounted in a hollow, talc 
holder. As the glass would get a little fogged at times this cor- 
rection was determined after each run. For clean glass this 
correction amounted to about 30°C. at 1600°C. and to about 
70° C. at 2800° C. 

In measuring the high temperatures use was made of an optical 
pyrometer of the Holborn-Kurlbaum type." The comparison lamps 
were 6-volt, 1.3-ampere carbon lamps with pear-shaped bulbs 
about 2.5 cm in diameter, the horseshoe filament being so mounted 
that the top of the filament came in the center of the bulb. These 
lamps were aged for 24 hours on 1.35 amperes before being cali- 
brated. In calibrating these lamps we used the sector method and 
as the known temperature the melting-point of palladium, this fixed 
point being determined directly by noting the temperature of melt- 
ing Kahlbaum palladium. The melting-point of palladium was 
chosen as the standard temperature because it is about the highest 
temperature which can be directly observed with a carbon lamp in 
the pyrometer. 

A 1/60 sector was used in the work with platinum, and a 1/180 
in the work with tungsten. Starting with 1549° C. (palladium point), 
the range of the pyrometer with the 1/60 sector was up to 2482°C.., 
with the 1/180 up to 2919° C. The 1/180 sector was 26.8 cm in 
diameter, which made the opening about 1.7 mm wide at the nar- 
rowest point. To determine whether there was an error due to 
diffraction with this small slit, a sector having ten openings the size 
of these was made up and points found on the calibration-curve for 
this sector. No difference was detected in using a sector made up 
of ten openings and one made with one large opening having the 
same total area. 

Several times the same lamp was calibrated from the gold point 


* Mendenhall, Physical Review, 33, 74, 1911. 
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(1063° C.) and from the palladium point, which gave a chance to 
compare the palladium point with the gold point. As an average 
of several determinations of the palladium point by extrapolation 
from the gold point we obtained 1548° C., while an extrapolation 
down from the palladium point gave 1063° C. for the gold point. 
As a test of the furnace and the pyrometer a determination of the 
melting-point of platinum was made. As it was known that 
platinum would react with carbon vapor at high temperatures, the 
platinum was inclosed in small magnesium tubes. The platinum 
gave, when it broke, all evidence of fusion, the ends being globular 
and small bright masses of platinum being scattered all along the 
lower end of the tube. Table III gives the results for the work on 
platinum in the graphite tube furnace. For the work in the furnace 
Baker platinum was used and the melting-point of this compared 
with that of Heraeus by the method of Mendenhall and Ingersoll.’ 
The two specimens were melted on a Nernst glower and from their 
values for the constants of the glower the difference in temperature 
was calculated. As an average of ten melts the melting-point of 
Heraeus platinum was found to be six degrees higher than that of 
the Baker platinum. This gives a final average of 1755° C. for the 
melting-point of Heraeus platinum, which is in good agreement 
with the value of 1755° as set by Day and Sosman (loc. cit.). 


TABLE III 
MELTING-POINT OF PLATINUM 


The melting-point of tungsten has been measured in the vacuum 
furnace described above, indications of a melt being obtained by 
three different methods. The first was, as outlined above, the use of 


t Physical Review, 25, 1, 1907. 
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hairpin filaments, a melt being indicated by the bell ringing when 
the circuit was broken. The pieces that we were able to get out 
of the furnace showed every indication of fusion, the ends being 
tipped with small round bits of the metal. The second method 
was to bore a small hole in the disk in the center of the heater 
tube and to lay over this hole a small piece of filament which could 
be observed to melt and disappear as the temperature was raised. 
This was undertaken to find out whether direct contact of the 
tungsten with the carbon made any difference. The results show 
that the difference, if any, is slight. The third method was to press 
powdered tungsten into the form of a Seger cone and place this in 
the heater tube in such a manner that the tip of the cone would 
project over an opening between the disk and the walls of the tube. 
The results are given in Table IV. 


TABLE IV 
MELTING-POINT OF TUNGSTEN IN FURNACE 


opens e/ . 2948° C. 

2072 

3000 

3000 

3000 

3/28, Filament on disk........... 3000 

3000 

2047 

MELTING-POINT AS OBSERVED IN A TUNGSTEN WEDGE 


Several attempts were made to melt tantalum in the graphite 
furnace but with no success. The tantalum was put in the furnace 
and the temperature run up to between 3000° C. and 3100° C., but 
when it was taken out it showed no signs of fusion. From the 
results given below, the melting-point cannot be as high as this. 
When the tantalum had been in the furnace at this high temperature 
it did not look at all as it did when put in; indeed, it had more the 
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appearance of a cinder when broken and observed with a micro- 
scope. It would seem that some compound with the carbon vapor 
was formed which had a higher melting-point than the tantalum. 


INDIRECT METHOD 


A method of obtaining the relation between the true temperature 
and the black-body temperature has been described by Professor 
Mendenhall," tested for platinum, and found to give results that 
agree very closely with the theoretical and experimental results for 
this relation. This method consists of making a hollow wedge of 
a thin sheet of the metal and determining the black-body tempera- 
ture by observing on the outside of the wedge and the true tempera- 
ture inside of the wedge. 

Such a curve giving the relation between black-body and true 
temperature for tungsten has been determined by Professor Men- 
denhall and the writer, while Mr. McCauley assisted with the curve 
for tantalum. These curves were determined with the metals in 
the lamp described below. The curve for tantalum was run up to 
the melting-point and observations made on both the true tempera- 
ture and the black-body temperature, while the tungsten was run 
up to a black-body temperature of 2500° C., which corresponds to 
a true temperature of about 2700° C. 

The black-body melting-point of tungsten was found by two 
methods. In the first place it was determined in a manner similar 
to that used by Waidner and Burgess,’ excepting that in this case 
the lamp filaments were balanced photometrically against the 
heater tube of the furnace and the temperature taken with the 
optical pyrometer. Several lamps were worked with, but unfor- 
tunately only one lamp melted at the point under observation. 
This method required a correction for the lens used to project the 
image of the furnace on the lamp filament and also for the walls 
of the lamp bulb. This latter correction was determined after the 
melt in order to correct for any blackening of the bulbs. The ends 
of the filaments gave indications of a true fusion, being tipped with 
shiny beads of the metal. 

* Astrophysical Journal, 33, 91, 1911. 

2 Bulletin of the Bureau of Standards, 2, 319, 1906. 
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The second method was to mount the metal studied between 
brass terminals and put these in a water-cooled brass vessel with 
windows for observing the temperature. The vessel was pumped 
out with a Gaede pump and calcium heated" inside in order to 
remove the last trace of gas. This vessel was 12 cm in internal 
diameter and 18 cm high, with windows 2.5 cm in diameter. The 
lower terminal was connected to the outside with a packed joint 
which allowed the filament or wedge to be kept straight. After 
the pump had been run for 24 hours the tantalum would continue 
for some time at constant temperature, if the current was kept 
constant; and the drop in voltage across the filament would also 
remain constant. This was taken to indicate good working con- 
dition. The tantalum filaments were rolled from strips obtained 
from Siemens and Halske, while the tungsten filaments were of two 
kinds. ‘The first were from a series tungsten lamp from the General 
Electric Company, and the second were made from ductile tungsten 


TABLE V 


BLAcK-Bopy MELTING-POINT OF TUNGSTEN............. A=0.658 


obtained from the same company. All the filaments used were 
about 3 cm long, the flat ones from 0.7 to 2.0 mm wide and from 
0.05 to o.3 mm thick, and the filaments from the tungsten lamp 
were 0.3 mm in diameter. The flat filaments were made a little 
narrower at the middle so that they would heat more at this point. 


* Soddy, Proceedings Royal Society, A '78, 429, 1906. 
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-In Table V are given results for tungsten, and for tantalum in 
Table VI. 

Taking the mean of the values for the black-body melting-point 
of tungsten as given in Table V, and extrapolating the curve show- 
ing the relation between the true and black-body temperature to 
this black-body temperature, we obtained 3030° C. as the true 
melting-point of tungsten. This is thought to be too high, as the 
surface of the tungsten used in the work with the wedge changed 
as a result of being run so long at the high temperatures. 


TABLE VI 
Biack-Bopy MELTING-POINT OF TANTALUM............. A=0.658 
(Figures in parentheses following values indicate weights given) 

2517 (2) 

2530 (3) 

2492 (1) 

2515 (2) 

2495 (1) 

2472 (3) 


MELTING-POINT OF TANTALUM AS OBSERVED FROM WEDGE 

2795, C. 

2786 

2805 

2790 (2) 

2785 

2830 

2805 


DISCUSSION OF RESULTS 


The results for the melting-point of tungsten as obtained from 
the graphite tube furnace are seen to have quite a wide variation. 
This for the most part is thought to be due to the temperature of 
the furnace increasing in some cases too rapidly because of varying 
voltage. In this case the disk would not immediately assume the 
temperature of the walls of the heater tube. The variation of the 
observed black-body melting-point of both tantalum and tungsten 
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may be due to the pyrometer not being sighted at the exact point 
on the strip at which melting occurred. The mean of the values 
given for both the black-body temperature and the true tempera- 
ture are thought to be accurate to about 1 per cent. 


TABLE VII 
VALUES FOR THE MELTING-POINT OF TUNGSTEN 


Value Accepted | | Average De- 
Observer Date Method for Melting- | Trials Value | parture from 
Point of Pé. | | Mean 
Waidner and 1907. Extrapolation... 1753°C. | 8 | 3080°C. 28° C. 
Burgess 
1910 | Extrapolation... 1745 | .. 
1907 | Carbon-tube fur-- 1745-55 | 2650 
nace 
Wartenberg..| 1910 Black-body melt-| 1745 7 | 2930 30 
ing-point and | 
reflecting power) | 
This work...) torr | Furnace | 1755 13 | 2074 | 27 
This work... to11 | Observations on | 1755 I 2975 oh 
wedge | 
This work... igt1 | Black-body melt* 1755 11 | 3030 16 
ing-point and | 
wedge 


VALUES FOR THE MELTING-PoINtT OF TANTALUM 


| 
Waidner 1907. Extrapolation... .| 1753 5 | 2910 
Burgess | 
Pirani...... 1910 Extrapolation . . 1745 3000 
Pwamt...... 1911 Black-body melt- 14 | 2700 30 
ing-point and 
reflecting power 
This work. ..| 1911 | Wedge.......... 1755 8 | 2708 


*This value has been reduced to a scale with the melting-point of palladium 1549° C. in place of 
1575° C. and c:=14,500 in place of 14,200. 


The results for the true and black-body melting-point of tungsten 
are seen to be about 1oo° C. lower than the corresponding tem- 
perature as found by Waidner and Burgess (loc. cit.). As was 
pointed out above, their work might have an error of that amount. 
The value for the melting-point of tungsten as found by v. Pirani 
(loc. cit.) is about 300° C. higher than the results given above. As 
was shown above, his results are in question due to possible 
errors. The results for the black-body melting-point of tungsten as 
given by von Wartenberg (Joc. cit.) check well with the values given 
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in this work, the difference in the final values being about that due 
to the different scales used. This is a satisfactory agreement, as he 
actually measured the black-body temperature. 

As for the results on tantalum, they do not agree with other 
determinations of this point. Unless the metal changes in some 
way at the higher temperatures, it is hard to see why there should 
be this much difference between the several determinations. In 
Table VII is given a summary of all the work on these two metals, 
with values found and the scale used. 


SUMMARY 

The melting-point of tungsten has been found by two methods 
which are seen to agree within about 1 per cent, the value obtained 
by measuring the point directly in a black-body furnace being 
2974 C., while that obtained from the relation between the true 
and black-body temperature as measured from the wedge is 3030° C. 

The melting-point of tantalum was determined from direct 
observations upon a melting wedge of the metal, giving a value 
of 2798° C. 

In conclusion I wish to express my thanks to Professor Menden- 
hall for his many valuable suggestions and assistance in all parts 
requiring two observers. 
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ON THE NEED OF ADJUSTMENT OF THE DATA OF 
TERRESTRIAL METEOROLOGY AND OF SOLAR 
RADIATION, AND ON THE BEST VALUE OF THE 
SOLAR CONSTANT 


By FRANK W. VERY 


The field of terrestrial meteorology is one of extreme complexity. 
The several data are so intimately interrelated that changes in one 
or more of the values will affect the entire series. The best value 
of any one quantity is that which consistently harmonizes the lar- 
gest number of elements in this complicated interlocking system; 
and of these related quantities, the one on which many others 
depend, and the most important astrophysical datum is the solar 
constant of radiation, now generally recognized as varying slightly, 
but which nevertheless still maintains a substantial uniformity 
through the ages which is truly wonderful, and is to be explained 
only on the supposition that it depends upon some physical con- 
stant, such as the boiling-point of the photospheric material or the 
dissociation temperature of some refractory compound. 

The solar constant cannot be directly observed. Its deter- 
mination, therefore, is open to an unusually wide latitude of 
interpretation. Such diverse values have been assigned to it that 
skepticism is natural in regard to even the most plausible results. 
If the accuracy of the conclusions were at all comparable with 
the labor which has been expended upon them, we ought to know 
the value of this fundamental quantity to three or four significant 
figures, but we are still debating over the first figure. 

The reformation of the methods for obtaining the value of the 
constant introduced by Forbes, given a solid rational basis by 
Langley, and further improved on the mathematical and observa- 
tional sides by Crova and Savélief, has apparently been relinquished 
at the present time in favor of methods which do not differ essen- 
tially from those of Pouillet. The elaborate researches of Abbot 
and Fowle, while purporting to be a continuation and perfection of 
Langley’s methods, are in reality a complete abandonment of the 
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essential principle which was admirably stated by Langley in his 
paper “On the Amount of the Atmospheric Absorption,’’'! and which 
has been repeatedly recognized by many able investigators. The 
principle is— 

that radiant energy is not a single emanation but the sum of an infinity of 
diverse ones, each with its own separate rate of absorption. It follows that 
the coefficient of transmission is truly constant only in the case of the absolutely 
homogeneous ray, which the ordinary photometer or thermometer cannot 
in the least discriminate; and which the finest linear thermopile or bolometer 
can but approximately discern, and hence that the original light of the star or 
heat of the sun, and the amount absorbed, can at best only be found approxi- 
mately.? 

The value of approximately 2 calories which is given in the second 
volume of the Annals of the Astrophysical Observatory of the Smith- 
sonian Institution is to all intents and purposes the same as that of 
Pouillet; for if the positive corrections which are known to be re- 
quired for the latter, on account of the defects of the water pyr- 
heliometer, are applied, we shall have a value of the solar constant 
differing very little from that which is now offered to us as an 
improvement on Langley’s result, but which is quite the reverse. 
The methods used in the Annals have all the characteristics of the 
origina] Pouillet model, including the admirable agreement of 
the separate measures and the small apparent probable error of the 
final result. The fallacy attending such methods may be recog- 
nized when it is known that actual reliable measures of solar radia- 
tion may be made within the atmosphere which exceed the supposed 
value outside the atmosphere, as I shall show in a subsequent paper. 

While recognizing the elaborate and painstaking character of the 
researches contained in the second volume of the Annals, I cannot 
admit that they have fixed even the first figure of the solar constant; 
but, on the contrary, the necessity of harmonizing all of the data 
proves conclusively that Langley’s original figure is nearer to the 
truth. 

One of the weak points in the argument relates to the absorbent 
power of aqueous vapor. Acting on the hypothesis that the trans- 
mission by the aqueous vapor varies as a power of the experimental 

* American Journal of Science (3), 28, 163, 1884. 

2 Op. cit., p. 167. 
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coefficient of transmission in which the exponent of the power is 
taken equal to the aqueous mass, Abbot and Fowle draw a curve 
of ¢ to the twenty-sixth power to represent the aqueous transmission 
of telluric radiation by the air above Mount Wilson. It is true 
that they cast some doubt upon the justification of the procedure, 
saying: “It is barely possible that the water-vapor column through 
which Rubens and Aschkinass observed was so much more dense 
than that in the atmosphere that its absorption bands were broad- 
ened, owing to the great density of the absorbent, so that there was 
a stronger absorption than an equal amount of vapor would have 
produced if contained in a long column of less density.’’* 

This supposition, which is given as “barely possible,” is one 
which I have already demonstrated. Reference may be made to 
p. 99 of my work on Atmospheric Radiation, published by the United 
States Weather Bureau in 1900, where it is stated that “with a 
radiating source at the boiling-point of water, 10 microns of liquid 
water absorb 156 times as powerfully as the same amount of water 
distributed through about 1oo meters of air.”” Moreover, the 
transmission of radiation by aqueous vapor at constant tension 
does not diminish according to a power of ¢ equal to the depth of 
the vapor traversed, but the initial absorption of the first part of 
the vaporous layer immensely exceeds the subsequent absorption. 
Neither does the vapor have to be of considerable tension in order 
to be effectual. With a dew-point nearly 30° C. below zero, when 
only a minute amount of aqueous vapor remains in the air, I have 
found the great water band & in the solar spectrum exerting almost 
complete absorption between wave-lengths of 5“ and 84. Owing 
to these properties of vaporous absorption, the transmission by the 
aqueous vapor above Mount Wilson cannot be equated to the 
twenty-sixth power of the aqueous transmission observed with 
75 cm of concentrated steam, but is more nearly identical. 

A correction of +18.3 per cent is made in the Amnals to the 
Allegheny measures of transmission by the aqueous vapor in 110 
meters of air, derived from observations on a distant radiator, and 
the error is attributed to “stray sunlight (probably reflected from 
the air).”’ As these measures were made by a method devised by 


* Annals of the Astrophysical Observatory of the Smithsonian Institution, 2, 169. 
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me, which I have since perfected, and which, as now modified, 
gives reliable results, I may perhaps be permitted to say that the 
explanation offered is apochryphal, but that the error indicated is 
about right. The radiator used at Allegheny was freely exposed, 
and the radiating surface of blackened copper suffered cooling by 
sudden gusts of wind, and also reflected some solar and sky radia- 
tion, because, although lampblack is a very poor reflector, the solar 
radiation so greatly exceeds that from a surface near the boiling- 
point of water that even this small reflection cannot be neglected. 
In my recent measures I have thoroughly protected the radiator 
from reflected sunlight and wind by a black cloth hood, and a 
suitable shelter. 

With columns of moist air longer than 100 meters, the absorp- 
tion increases very slowly. The case is similar to that of radiation 
of gases where, as I have shown in the work just cited, one meter of 
carbon dioxide is a maximum radiant layer. Lest anyone may sup- 
pose that this matter is doubtful, I will refer to a recent research on 
the “ Nocturnal Variation of Temperature,’’ by W. Schmidt, who 
gives in the Sitzungsbericht of the Wien Academy of Science for 
March 1909 a final value of the radiation coefficient of air, derived 
from meteorological observations, 10/X*=1.84, which may be 
compared with my value from laboratory experiments which gave 
2.16. 

On p. 172 of the Annals, the authors say: ‘It is highly probable 
that, considering the greater air-mass attending the oblique passage 
of many of the rays to space, nine-tenths of the radiation of the solid 
and liquid surface of the earth is absorbed by the water-vapor of 
the atmosphere even on clear days.” 

My value of the transmission of terrestrial radiation is four times 
as great as that of the Annals. The low angle of the rays makes 
little difference. An absorption which is already nearly complete 
for a zenithal ray, is not much increased in passing at a lower angle. 
Meanwhile, in spite of the absorption, there are regions of the 
spectrum between the bands which are passing through the air 
freely. This was first demonstrated beyond a doubt by my obser- 
vation, in October 1884, at the Allegheny Observatory, of lunar 
radiation in the spectrum from a rock-salt prism between deviations 
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38° and 33°, corresponding to the radiation from bodies at terrestrial 
temperatures. This observation was afterward repeated many 
times by Mr. Langley and myself, always with the same result. 

Further direct comparisons, not of an ideal “black body,” as a 
passage on p. 174 of the Annals implies, but of the lunar surface 
and ‘‘some of the materials likely to be prevalent on the moon’s 
surface,’ gave me for the effective midday temperature of the 
equatorial regions of the moon 454° Abs. C.,’ which is 61° higher 
than the value which Abbot and Fowle assign by estimation, using 
their value of the solar constant. As I can see no reason for 
abandoning the result of my lunar measurement, I prefer to take 
it as a basis for an estimate of the solar constant, getting about 3 
calories. 

On p. 15 of the Annals the categorical statement is made that 
“‘we know that in general the lower layers of the air have smaller 
transmission coefficients than the upper ones, owing to the gener- 
ally low level of the larger quantities of dust and humidity.”” The 
assertion, which is made without any reservation, and concerning 
solar radiation, is true only for the unsifted rays, and does not 
apply to the actual residual radiation which has already experienced 
its greatest absorption by aqueous vapor in the upper air. Layers 
of saturated or nearly saturated vapor have an additional and espe- 
cially strong absorption. Such layers may be found at any altitude. 
The dust, it is true, is most prevalent in the lower layers of air, 
but its coefficient has not been considered separately in the Annals. 

The coefficient of transmission of terrestrial radiation which I 
have given is supported by the data of meteorology. Percival 
Lowell, in his equation for cooling by nocturnal radiation,? estab- 
lishes his thesis upon the fact that nocturnal cooling goes on two 
and one-half times as fast under a clear sky as below clouds. Tak- 
ing 50 per cent for the transmission of telluric radiation by clear 
air, he obtains a ‘‘relative emissivity,” e=o.47. Direct measure- 
ments having given me 4o per cent for the transmission by clear 
air, substitution in Lowell’s equation with the following data: 


* Astrophysical Journal, 8, 284, 1808. 


2“Temperature of Mars,” Proc. American Acad. of Arts and Sciences, 42, 661, 
March 1907. 
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cloud transmission = 2/5 Xo.40=0.16, average for day sky =o. 28, 
average day and clear night=o. 34, average day and cloudy night 
=o. 22, and using his data for absolute temperature and for cooling 
in centigrade degrees, gives 


292—10 4| y(1—0. 

—=0.9196=, 

2902— 4 N y(1—a. 22¢) 
e=0.585 


This represents the radiated part of the loss, and if the trueemissivity 
of the earth’s surface is unity, 0.415 of the energy obtained from 
solar radiation is left to be dissipated by convection. 

Lowell’s figures are for temperate latitudes. In the very moist 
tropics, nocturnal cooling is only about half as great, while over the 
ocean the total diurnal change of temperature of the water is less 
than 3° C. Eleven cloudy days in the tropics gave me for the 
nocturnal cooling an average of 2°0, whereas sixteen clear days 
at the same station gave 5°4 during the same interval. Mean 
temperature =+30° C. Assume transmission=o. 20, 

393 —5-4_ _ 4/y(1—0. 255¢) 
e=0.185. 


These examples show that whereas about 60 per cent of surface 
heat may be emitted as radiation from temperate regions, only 
one-third as much heat escapes in this way in the tropics. It is 
possible that the low value of 10 per cent, adopted in the Annals for 
the average transmission of telluric radiation, may apply to satu- 
rated air over the tropical oceans where the moisture is in an espe- 
cially absorbent form; but this value cannot be admitted in the 
reduction of land observations in middle latitudes. 

While the absorption of terrestrial radiation of great wave- 
length is overrated in the Amnals, that of the solar radiation is 
undervalued. An allowance of about one-half of 1 per cent is made 
for all of the solar radiation of greater wave-length than 2. 5», “‘ deter- 
mined by consideration of the form of the energy spectrum of the 
‘black body’ at 6000° absolute temperature”’ (op. cil., p. 56). But 
this allowance for unobserved infra-red radiation is inadequate, 
and the mode of extrapolation is inadmissible, because, as I have 
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shown in my paper on “The Solar Constant,” published by the 
United States Weather Bureau in 1go1, the solar radiation is richer 
in long waves than the theory assumes, besides having suffered a 
large aqueous absorption which is relatively more effective here 
than for terrestrial radiation, since the solar curve is ascending 
rapidly throughout the region of great aqueous absorption where 
the terrestrial curve is descending to its limit. 

The selective depletion of the shorter waves by the air may best 
be approached by considering the phenomena of sky light. The 
sky sends us one-fourth as much light as the sun, and for a middle 
altitude an equal amount is reflected by the air to space, or one-half 
of the sunlight received is dissipated in this way. This leaves a 
remnant of 0.67, since 


0.67+(0.5X0.67)=1.095. 
But the air-mass for altitude 45° is 1.42, which gives 
(p) '-47=0.67, and p=o.75. 


This coefficient of transmission corresponds to wave-length 0.57 # 
in the lemon yellow; but the maximum luminosity for sky light is 
in the blue where the transmission-curve given in the Annals 
reads 0.67 instead of 0.75. Hence there must be further depletion 
of these rays in addition to the ordinary selective scattering which 
gives sky light. 

The sources of sky light are complex. Though, in general, blue 
and violet are in excess in the light of the sky, there is a strong and 
wide absorption band in the violet whose limits I find from photo- 
metric measures are 0.405 # and 0.4604, with the minimum at 
0.433. This band, which also appears in the spectrum of the 
direct rays, is attributed in the Annals to the abundance of solar 
lines near G. But though the wave-length of G is 4=4308 A, 
and thus is not far from the minimum of the diffuse band, there is 
no extraordinary gathering of solar lines between the given limits 
sufficient to account for the band which represents an absorption of 
about 25 per cent. Consequently, the band is not of solar origin. 

Now Edward L. Nichols has found (especially in high moun- 
tainous regions) that the sky spectrum has a variable emission 
band at wave-length 0.42 “ which, allowing for the rather vague 
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identification of the maximum point in his curves, may possibly 
have some connection with this band. My own observations, 
however, unlike those of Nichols, show the band as an absorption 
band in the sky spectrum. Further investigation will be needed to 
clear up these discrepancies, but the band is undoubtedly telluric 
and much more extensive than the gathering of solar lines near 
G. That a band or line should appear sometimes bright and at 
other times dark, that is, either as emission or absorption, is nothing 
new, although the controlling conditions, which are usually those 
of temperature, are not easily recognized if this band be such a 
case. 

Nichols, it is true, found that the ratios of the spectral curves 
of sky luminosity to his “typical dawn curve”’ showed a minimum 
at 0.42, but diminishing in strength as the sun rose higher, and 
succeeded by the aforesaid maximum in the middle of the day. My 
observation of the violet depression was made on the night sky 
illuminated by moonlight. This suggests that the ‘‘dawn curve”’ 
may be produced by selective scattering of shorter waves, in which 
violet predominates, and that the scattering is caused by a special 
material in the upper air which is in relatively strong illumination at 
the hour of dawn as compared with the deeper layers of the atmos- 
phere. The latter furnish the absorption band, temporarily over- 
powered by the light from the upper layer, but reappearing soon 
after sunrise, when the upper light loses its early predominance; 
while later in the day the emission band again asserts itself in the 
sky spectrum at high altitudes through the continual formation of 
the special material in the upper air during the daylight hours. 

The diversity of the phenomenon is further enhanced in the vari- 
ability of the process of production of the special material which 
must be formed by ultra-violet sunlight, and must also be unstable, 
returning quickly to a normal and inactive condition, so that the 
active material becomes conspicuous only during that part of the 
day when the rate of its formation exceeds its decay. At low levels 
the emission band is liable to be neutralized in the sky spectrum 
by the absorption band present both by day and by night in the 
spectrum of the lower air. 
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Another observation by Nichols may possibly contain the clue 
to the substance which produces this band. He found that the 
emission band “‘ appears regularly as the day advances in the moun- 
tainous regions of Switzerland during fine summer weather when 
there is a gradual formation of mist in the upper atmosphere. . . . . 
The maximum is commonly well established before noon and fre- 
quently persists until toward sunset.” 

I suggest that the growth of this band is possibly connected with 
the formation of the complex water molecules, described in my 
Atmospheric Radiation (p. 100), to which Sutherland has given the 
general name of hydrols. Increasing ionization of the upper air 
by the sun’s ultra-violet rays leads to the formation of nulcei of 
condensation, and this, combined with the midday upward move- 
ment of aqueous vapor at considerable altitudes, conduces to the 
formation of an exceptional amount of peculiar diffracting particles 
in the upper air during the middle of the day. The slopes of the 
logarithmic transmission-curves obtained by combining observa- 
tions at high sun with others for a lower altitude of the sun have too 
low a slope, because the quality of the air has gradually changed in 
the middle of the day, and the transmission is overrated in a part 
of the spectrum where a small error makes a large difference in the 
resulting solar constant. The continual fluctuation of the solar 
radiant intensity through a wide range, shown by Crova’s recording 
actinograph in the middle of the day with the clearest sky, is an 
evidence of the irregular distribution of an invisible obstructing 
substance which is most potent to deplete the solar rays when the 
sun is highest. Instead of rejecting low-sun measures, as has been 
done in the Annals, it might be better to reject those made near 
meridian altitude as being under suspicion to say the least. 

If the wave-length assigned to the maximum of sky emission by 
Nichols could be shown to be correct, we might have further reasons 
for supposing that his band at 0.42 may be a hydrol band, 
because: (1) This wave-length agrees with that of a hypothetical 
band ‘‘ No. 14”’ in extension of Kayser’s diffuse series for aqueous 
vapor as shown in the series: 


* Edward L. Nichols, “‘ A Study of Overcast Skies,’ Physical Review, 28, 126, 1909. 
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Band No. 6 (observed), 1/A=1684 


Band No. 9 (observed) 1833, difference = 149 
Band No. 11 (observed) 1978, difference = 145 
Band No. 12 (computed) 2118, difference = 140 
Band No. 13 (computed) 2253, difference = 135 
Band No. 14 (computed) 2381, difference = 128 


(2) The character of the band, which is diffuse and apparently 
irresolvable, agrees with that of the other members of the series. 
(3) The band seems to have some connection with the formation of 
mist, and, in general, depletion by selective scattering increases with 
the moisture in the air. Thus I have found from observations with 
the spectrobolometer that depletion of the shorter waves is greatest 
insummer. But this is equally indicated by the obvious fact that 
the red tints of sunset and sunrise are deepest in summer and 
especially in the tropics. Now the absorption lines of aqueous 
vapor are strongest at the red end of the spectrum. Their excep- 
tional development should therefore increase the blue rays by com- 
parison. On the contrary, it is the blue rays which are lacking, 
hence they have been depleted by something which increases with 
the abundance of water-vapor, but which is not water-vapor; and 
this substance, which appears to be most extensively formed out of 
aqueous vapor in summer, has a depleting action on the shorter 
waves which increases at a more rapid rate than the line absorption 
in the red. Thus the aqueous vapor does more than double duty, 
for it strikes out its own peculiar absorption bands in the red and 
infra-red, and also supplies a still more potent substance, depleting 
the rays of short wave-length. 

Considering the nature of the depleting process, we find that the 
selective scattering of light by the atmosphere is a complex of 
diffraction and reflection from gaseous molecules, from condensa- 
tion nuclei, and from dust. Incipient mist, apart from its own 
peculiar band absorption, increases the reflection of longer waves. 
The air of the tropical regions is especially loaded with material 
which produces scattering reflection, particularly that of the general, 
or nonselective sort.. Ward says:' “The intensity of the light from 
tropical skies by day is trying, even almost unbearable.” The 


t Climate Considered Es pecially in Relation to Man, 88. 
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‘‘pale whitish appearance”’ of the tropical skies is especially noted. 
The reflection from fine dust exceeds that from cloud. Saturn’s 
rings are an example. They are composed entirely of discrete dust 
particles, and far outshine the clouded body of the planet (area 
for area). In consequence, the albedo of Saturn (0.78) is greater 
than that of the other major planets (0.65 to 0.75). The value 
which Abbot and Fowle give for the reflection of total radiation by 
the earth is 0.37. I have no hesitation in saying that this is too 
small. In my paper on “The Greenhouse Theory and Planetary 
Temperatures”’ in the Philosophical Magazine for September 1908 
I have given 0.44 as a minimum value. The albedo, or light 
reflection, is larger. Mars has o. 27 and Venus 0.92. A mean of 
these, o.60, is more likely than not to be exceeded for the earth, 
which resembles Venus more than it does Mars. A larger albedo 
means, of course, a smaller transmission of solar rays, and a larger 
value of the solar constant. 

I wish now to pass to a meteorological argument which shows the 
necessity of a smaller coefficient of transmission for solar rays than 
Abbot and Fowle are willing to admit. If qg is a quantity of heat, 
and dq the variation of this quantity on the unit of horizontal sur- 
face in the time dt, A being the solar constant, r the sun’s distance 
from the earth, ¢ the zenith distance of the sun, p the coefficient 
of atmospheric transmission, and € the air-mass corresponding to a 
particular solar altitude, the general expression for the insolation is 


pt cos dt. 


Angot has summed this equation for all latitudes with various 
values of the average transmission, p,, and Ward, in his work on 
climate just cited, gives curves of insolation for June 21, founded on 
these data, to which I have added a lower curve for p,=0.25 
(Fig. 1). Now actually the distribution of temperature on the 
earth at the summer solstice agrees better with the lower curve, 
or even with one a little lower yet, as may be seen in the next figure 
(Fig. 2), where the curves should be congruous. The insolation 
curve is already a little too low on the left-hand side of the maxi- 
mum, and yet it requires still further diminution on that side to 
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allow for the greater band absorption between latitudes 20° N. 
and 20°S. where the aqueous absorption reaches a maximum. I 
consider that the best value for the average transmission of solar 
rays is 0.18, as far as this can be inferred from the form of the 
curves. It must be remembered that this is an average for the 
entire sunlit hemisphere, because we have taken average tempera- 
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tures. Such a transmission is entirely incompatible with a value 
of the solar constant as low as 2.1 calories. It requires a value 
greater than 3 calories, but perhaps not much greater. 

Let us suppose, for illustration, that A, the solar constant, is 
3 cal. per sq. cm per min., p, the coefficient of transmission obtained 
by considering the depletion by selective scattering alone, is a 
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factor=o.6, and B, the lost radiation, is 0.6 cal., equivalent to a 
coefficient of absorption of 0.2. Then 
Ap—B=(0.6X3)—0.6=1.2=R;' 
and 
(R+B)+p=A. 
Now suppose that A is unknown, and that there are many fine 
absorption lines which escape measurement by the spectrobolometer, 
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or that there are dust particles so large and opaque that they absorb 
a part of the radiation, so that B is estimated to be o. 2 cal., or 63 


per cent of the original radiation, instead of 0.6 cal., or 20 per cent. 
Then 
p 0.6 
*The bands do not much affect the region of the spectrum in which selective 


scattering occurs. Hence, although the processes are simultaneous, they are best 
treated as if they were separate in such an approximate computation as this. 
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If p is also overestimated and presumed to be 70 per cent, instead 
of 60 per cent, 
R+B 
0.7 


It seems to me that this is exactly what has been done in these 
deductions of a solar constant by inadequate methods. The 
depletion of the incoming radiation has been underestimated. Too 
low an effective temperature has been assigned to the earth’s radi- 
ating layer in consequence, and it has been necessary to assign 
too small a value to the atmospheric transmission of terrestrial 
radiation in order to reconcile data which are incompatible. 

Too little account is taken in the Annals of a significant feature 
of the diurnal variation, namely, the apparent increase of trans- 
mission for large air-masses with a low sun. The frequent depar- 
ture of the logarithmic curves of atmospheric transmission from 
straight lines is dismissed as being without special significance. 
The air layers are presumed to differ from each other in transpar- 
ency, but only by a gradual progression. But the actual atmosphere 
contains ingredients which are sharply confined to definite layers 
with distinct limits. Of two stations, one at a low level and the 
other near the upper limit of the dust-bearing air, the more elevated 
experiences but a small fraction of the depletion of radiation by the 
dust which is suffered by the lower station, even though the air- 
masses may not differ much. The dust factor must be treated 
separately from the others. It has usually been completely ignored. 

The flat-topped diurnal actinometer-curves, recorded by Crova’s 
registering actinometer, are a record of the disappearance of a large 
amount of radiation in the middle of the day. The aqueous origin 
(whether direct or indirect) of this feature is shown by its partial 
disappearance in cold dry weather. There is a lack of symmetry 
in the curves obtained on mountains, the morning values of the 
insolation being higher than those obtained in the afternoon with 
the same altitude of the sun. This also is to be connected with the 
increase of the tension of aqueous vapor in the upper air in the 
afternoon. These details show that in every way the absorption 
of the incoming solar rays has been underrated. 


=2.00 cal. 
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It has been repeatedly asserted that the temperature of Mars 
must be far below the freezing-point, and this in spite of the obvious 
melting of polar snows, and the determination of the amount of 
water-vapor in the Martian atmosphere, which gives a dew-point 
not far from freezing temperature,’ and of course a dry-bulb 
temperature considerably above the freezing-point. These facts 
point to a solar constant of 3 calories or more. 

Even our earth, according to Abbot and Fowle, has an effective 
temperature of only —10° C., and hence must be assumed to radiate 
from an upper layer of frosty air, since the surface is so much 
warmer. I present a revision of this estimate, continuing my 
illustration of a hypothetical constant of 3 calories. After sub- 
tracting the lost radiation, 0.6 cal., I take the mean radiation 
received by a half-clouded earth=2.4 cal. per sq. cm per min. 
before application of the transmission coefficient. The average 
transmission of the sifted remnant corresponds very nearly to that 
for a solar altitude of 27°, for which, assuming p=o. 56, 


=(0.56)??=0. 279. 
Radiation directly received from the sun, 
R=2.4X0.279=0.67 cal. 


to which ro per cent is to be added for sky reflection, making 0.74 
cal. In emission this energy is distributed over a doubled area, 
becoming 

Emission = 1/2 0.74=0. 37 cal./sq. cm min. 

In considering the radiant temperature we shall do well enough 
to confine the computation to what goes on with a clear sky. The 
mean temperature of the earth is about 288° Abs., and its emissivity 
is not far from unity. Unobstructed radiation to space should 
give by the fourth-power law 


©. 523 cal./sq. cm min. 


Only 0.4 of this radiation can penetrate through the clear air, as I 
have shown (anle, p. 375). This gives for radiation directly escaping: 


©0.4X0.523=0. 209 cal./sq. cm min. 


* Lowell Observatory Bulletin, No. 36, 1, 211. 


ie 

} 
Ne 
e 


386 FRANK W. VERY 


The surface receives 0.370 cal., and the difference 


©.370—0.209=0.161 cal./sq. cm min. 


is transferred to the air and emitted at a temperature of 215° Abs. 
=—58°C. But this is almost precisely the temperature of the 
upper static layer which is truly the radiant layer of the atmosphere, 
since convection has ceased, and the heat received can be dissipated 
only as radiation. 

The abandonment of low-sun observations because low-lying 
mists render such measures uncertain, and the selection of midday 
observations on the plea that the sky is then clearer, is at first 
sight plausible; but an examination of the diurnal curves of insola- 
tion obtained by the actinograph shows that the midday observa- 
tions are the most irregular ones. If any observations are to be 
rejected, it should be these, subject as they are to continual varia- 
tions and to the suspicion of a large constant error which is reduced 
to a practical certainty by the arguments which have been presented 
as well as by others which are to follow. The midday observa- 
tions need not be absolutely thrown away; but we can recognize 
that, taken by themselves, they are misleading, that they require 
large corrections, and that the constant fluctuations of solar radia- 
tion in the middle of the day with the clearest sky, point to the 
presence of invisible ‘‘clouds”’ of absorbent vapor, which are more 
dangerous than low-lying mist at the time of low-sun observations. 
The mist, if it exists at all, is visible; but the diurnal variation in 
the transmissive quality of the upper air has to be inferred from the 
observations themselves. The mists of the morning may compen- 
sate for the midday diminution of transparency of the upper air, 
and comparisons of actinometer readings taken at morning and at 
noon may sometimes yield transmissions near the truth. Apparent 
transmissions founded on afternoon series of actinometer readings 
are usually too large, owing to the change of atmospheric quality. 
Such measures should be tested by carefully timed observations 
at the lowest observable altitude of the sun, which will at least 
show whether the measurements are capable of reduction. They 
usually demonstrate that the absorbent quality of the medium has 
changed. 
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If spectrum measures are used, it is found that the blue and 
violet are subject to extraordinary variations which are not yet 
entirely understood. The yellow and red are thickly strewn with 
atmospheric lines. In the intermediate green, however, there is 
a region sufficiently free from these disturbances to yield an approxi- 
mate transmission coefficient if widely different air-masses are com- 
pared. 

Observations covering a limited range of air-mass may be in 
apparent agreement. The real test is to see whether the agree- 
ment continues when the range is extended. The almost total 
absence of low-altitude records in the Annals is to be regretted; and 
still more unfortunate is the dependence which the authors have 
placed on summer observations almost to the exclusion of winter 
work, although the absence of moisture is of the greatest impor- 
tance in securing a reliable measurement of the solar constant. 

Langley’s bon mol: “That is the best value of the solar constant 
which is nearest to three calories,’ may be more than a bit of 
humor; but, on the whole, the indications point to a value greater 
than three. A value of the solar constant not less than three, 
nor more than four, calories, accords with the data of meteorology. 
It also satisfies the demands of the best measures of nocturnal 
radiation and of the transmission of telluric radiation, agrees well 
with the temperature of the sun inferred from Wien’s formula with 
Paschen’s constant, as modified by Lummer and Pringsheim, and 
from the actual temperature at the focus of a large mirror, requires 
no modifications of the methods of evaluating the transmission of 
direct solar rays which are not abundantly demonstrable as requi- 
site, and in every way harmonizes a great body of facts which would 
otherwise be found to be in conflict. 

WEstTwoop, Mass. 

July 1911 
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THE PRODUCTION OF LIGHT BY CATHODE RAYS 
By GORDON S. FULCHER 


In a previous paper’ it was shown that light is emitted as a 
result of the collision of canal rays with gas molecules and that its 
intensity is proportional to the mean energy transmitted times the 
number of collisions. An analysis of the Doppler effect seemed to 
indicate that the neutral rays are far less effective than the charged 
rays in producing this luminescence. Since then an attempt has 
been made to separate the charged from the uncharged rays by 
means of a magnetic field and to examine the light-producing effect 
of each; but, in agreement with recent results obtained by Wien 
and Koenigsberger, this was unsuccessful. Ionization and neu- 
tralization produced by the collisions with gas molecules and 
corpuscles, introduce charged and uncharged rays into the deflected 
and undeflected beams, so that, with the apparatus used, a very 
strong magnetic field reduced the number of charged rays in the 
undeflected beam by only about to per cent. 

The phenomena occurring in the region traversed by canal rays 
are fewer than in the main discharge, but nevertheless are quite 
numerous. The beam itself consists of both atoms and molecules; 
some are positively charged, some are neutral, and some negatively 
charged. Ionization, neutralization, dissociation, and association 
are continually taking place; secondary cathode rays are being shot 
out of the ionized atoms producing more ionization in their turn; 
and in connection with each one of these transformations light may 
be emitted. As the attempt to separate neutral and charged rays 
had failed, I turned my attention to the secondary cathode rays, 
since these are identical with cathode rays of the same velocity and 
can be most easily separated from other kinds of rays. 

Only two papers dealing definitely with the subject have been 
found. Wiillner,’ in a brief note, says that he carefully separated 

* Astrophysical Journal, 33, 28, 1911. 

2 Physikalische Zeitschrift, 1, 132, 1899. 
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cathode from canal rays, though he gives no further description of 
his apparatus, and reports the following results: In hydrogen, the 
cathode rays produce the compound line spectrum, wrongly termed 
the “band spectrum.” In oxygen, they produce the cathode bands 
at AA 5980, 5600, 5260 and the triplet 5330, but no spark lines. In 
air, the results were inconclusive. Lewis' concluded from a 
comparison of the spectra of the light from various parts of the 
discharge in air that the cathode rays cause the emission of the 
negative bands of nitrogen. He also investigated the luminescence 
produced by cathode rays in certain metallic vapors.? Because of 
the importance of the matter, an attempt has been made to verify 
these conclusions. Some crude preliminary results obtained with 
the apparatus described below may be of interest. 


APPARATUS 


The anode D (Fig. 1) was made of soft iron 1 mm thick in the 
central portion, and through it a hole (H) 0.020 cm in diameter was 
drilled. The cathode (C) was arranged so that its distance from the 
anode could be varied by turning the key S which fitted into a 
conical ground greased joint. The space behind the anode was 
inclosed by a brass cylinder E, except for the opening W which 
allowed light from the beam emerging from H to reach the single- 
prism spectrograph. The fine beam itself was adjusted so as to be 
at the focus of the collimating lens Z, and thus took the place of 
the slit. It was found—what is doubtless well known—that when 
the prism was turned from the position of minimum deviation so 
as to decrease the angle of incidence, the width of the image of a 
wide slit increased more rapidly than the dispersion; but that when 
the prism. was turned so as to increase the angle of incidence, the 
width of the image decreased more rapidly than the dispersion, so 
that lines could be separated in this position which would overlap 
with the prism placed for minimum deviation. By turning a large 
45° prism, having a length of 10 cm at the base of its faces, so as to 
increase the angle of incidence as much as possible, the width of the 
image was reduced to but half that of the slit, while the dispersion 

Astrophysical Journal, 1'7, 258, 1903. 

2 Ibid., 16, 31, 1902. 
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was not much less than with the prism placed for minimum 
deviation. 

A soft iron pole-piece P was fastened inside E and a weak electro- 
magnet M placed just outside the tube. The discharge chamber (J) 
and observation chamber 
(IT) could each or both be 
connected to a reservoir of 
gas through a fine capillary 
tube and also to a Gaede 
pump. Because of the 
smallness of the hole con- 
necting the two chambers, 
the pressure in either 
chamber could be kept 
several times greater than 
that in the other by con- 
necting it to a capillary 
and the other to the 
pump; or the pressure 
could be maintained the 
same in both. Usually a 
continuous current was 
secured by the arrange- 
ment described in the previous paper (op. cil.)—a condenser kept 
charged by an induction coil and allowed to discharge continu- 
ously through a high resistance in series with the discharge tube. 


RESULTS 


Air.—Fig. 2 (Plate XVII) shows reproductions, enlarged 5 times, 
of a number of spectrograms of the nitrogen bands, made under 
various circumstances. Nos. 55, 56, 81, and 82 were taken with the 
apparatus described above. The spectrum of the deflected beam 
is seen to consist solely of the negative bands, in agreement with 
Lewis’ conclusion. No. 82 is badly overexposed (12 hours), yet 
shows only a trace of the strongest positive bands. Compare also 
Nos. 65, 76, and 78. In the case of 56, the arrangement was such 
that retrograde canal rays as well as cathode rays passed through 
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the hole in the anode. The former produced the undeflected lines, 

_ the latter the deflected lines. The line marked with two crosses 
is a scratch on the negative. The difference between the spectra 
due to the canal and cathode rays is thus strikingly shown. 

It was thought that the spectrum due to very slow canal rays 
might also be simpler. However, very slow canal rays are quickly 
dispersed, have a short range, and also produce very little light. 
No. 81 was taken with an ordinary discontinuous discharge, 1000 
volts, and shows both positive and negative bands. I hope to try 
much slower rays with a better apparatus. 

It was noticed that when the vacuum was such that the discharge 
passed with difficulty between the two electrodes, a luminescence 
appeared in the tubes leading from the discharge tube to the gas 
reservoir and pump. The spectrum was photographed and showed 
the positive bands much more strongly developed than the negative, 
No. 73. When one electrode of a Geissler tube was connected to 
the high-potential electrode of a tube through which a high-potential 
discharge was passing, a glow appeared in the Geissler tube whose 
spectrum was identical with that of the luminescence in the con- 
necting tubes. This will be referred to as the one-electrode glow 
discharge. 

Hydrogen.—In hydrogen, the cathode rays produce both the 
compound line and the main series spectrum, Nos. 79, 65; but the 
latter is relatively much less intense than in the light due to canal 
rays, and less intense in the spectrum produced by slow cathode 
rays, No. 79, than in that caused by the faster rays, No. 65. In 
the spectrum of the one-electrode glow discharge, No. 71, the lines of 
the main series are no stronger than neighboring strong lines of the 
compound spectrum. 

From the series of spectrograms of light produced by canal rays, 
Nos. 57 to 61, it is clear that the compound spectrum is relatively 
less intense for the slower rays. The intensity of the light in the 
case of the slowest rays (500 volts) was so small that both plates 

60 and 8o are underexposed in spite of long exposures (20 hours), 
so that they do not prove the entire absence of the compound 
spectrum under those circumstances; but it seems probable that in 
the case of sufficiently slow canal rays the main series line-spectrum 
of hydrogen is the only one excited. 
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Oxygen.—All the spectrograms obtained show the elementary or 
spark spectrum lines of oxygen, even that produced by slow cathode 
rays. The main spark lines are marked by dots on No. 89. The 
crosses indicate CO bands. Also the main series lines AA 3947, 
4368 seem present on all the spectrograms. The first subordinate 
series line 4 4773 appears on Nos. 75 and 8o, the line A 4968 on 
the other three, Nos. 76, 77, 78. The second subordinate series 
lines AA 4802, 5020, 5435 are faintly visible on No. 76. The cathode 
bands AA 5260 and 5580 are present in Nos. 76 and 78; they show 
no undeflected streak in No. 76. All the lines appearing in No. 
76 seem to have a deflected branch, certainly the spark lines, and 
probably also the series lines. Properly to study the behavior of 
the various spectra of oxygen, an apparatus sensitive to 4 5600 
and having greater dispersion is necessary. The spectrograms 
Nos. 76, 77, 78 represent exposures of about 20 hours each. 

Summary.—The results described above show that the spectrum 
of the light produced by cathode rays (1) in nitrogen consists solely 
of the negative bands; (2) in hydrogen consists chiefly of the 
compound spectrum together with the main series lines, relatively 
weak; (3) in oxygen consists of the negative bands together with 
the spark lines and series of triplets. They agree in general with 
the results of Wiillner and Lewis summarized above. . 

Also it seems probable that slow canal rays in hydrogen produce 
only the main series lines. 

Discussion.—In this preliminary note, I shall not attempt to 
explain the numerous observations regarding the variations in the 
relative intensity of the different spectra of the above gases under 
varying circumstances which have been reported, but shall merely 
indicate how this line of approach promises to afford definite infor- 
mation as to which atomic system emits each spectrum. Consider 
the case of cathode rays passing through a diatomic gas. They 
will collide with the molecules and may conceivably ionize them 
either (1) by shooting out an electron from one of the atoms of the 
molecule without causing dissociation or (2) by hitting between the 
two atoms so as to render the molecule unstable, causing dissociation 
as well as ionization. If we add neutralization, recombination of 
the ionized molecules, and negative ionization by the attachment of 
a stray corpuscle to a molecule, we have probably listed all the pos- 
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136. Air-Canal Rays 


117. Air-Cathode Rays (3000 v.) 
AX 3914, 4278, 4709 


120. O-Cathode Rays (3000 v.) 
Trichromatic Plate 


121. O-Cathode Rays (3000 v.) 
Seed 27 Plate 


133. O-Diffuse Canal Rays (1500 v.) 


B, Negative Bands: \\ 5260, 5600, 5860 
M, Main Series: \\ 3947, 4368 

, Ist Sub. Series 

IT, 2d Sub. Series 

S, Spark Lines 7, Triplet, \\ 4223, 4233 
N, Nitrogen H, Hydrogen 
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131. O-Canal Rays (5000 v.) 


121. O-Cathode Rays 
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(a) Cathode Rays (6) Diffuse Canal Rays 


8 
| | 
| | 


PRODUCTION OF LIGHT BY CATHODE RAYS 393 


sible transformations taking place in the space traversed by the 
cathode rays. Because of the relatively long mean free path of 
molecules at that pressure, the last three transformations will not 
be confined to the path of the rays, but will be distributed through- 
out a considerable space around it; whereas the direct ionization 
by the cathode rays must take place largely in the path of the beam 
(since the scattered rays will be slower, less concentrated, and less 
effective). Hence it is reasonable to assign to the two ionizing 
transformations most of the light photographed with the above 
apparatus. in the case of very slow cathode rays it seems probable 
that ionization without dissociation alone may be possible or may 
at least largely predominate. If, then, the light produced by very 
slow cathode rays consists solely of a band spectrum, that spectrum 
is probably emitted by the positively charged molecule of the gas 
in question. 

In the case of nitrogen, slow canal rays produce only a band 
spectrum; that is, no dissociation is produced. The difference 
between the band spectrum produced by canal and cathode rays 
may be due to the difference in the method of ionization because of 
the difference in size and in the electric field around the two kinds of 
rays. Hence the vibrations aroused, though not unrelated, are 
different. 


September 4, 1911 


AN ADDITIONAL EXPERIMENT 


Since the above was written, a new apparatus has been made 
which gives more light, permitting the use of a focusing lens and a 
slit. The cathode is the same as before, but the anode is changed 
as shown in Fig. 6. There are several paraliel slits cut in it, 1 mm 
wide and 1.5 mm apart. A comb containing a similar set of slits 
is placed 5 mm back of the anode so as to intercept any rays which 
pass through the anode in a direction normal to its front surface. 
Two magnetic pole-pieces, 3 mm apart, are so placed that when the 
field is adjusted to a suitable strength, cathode rays passing through 
the slits in the anode are deflected so as to pass through those in the 
comb, while the less deflectable atomic rays are still intercepted. 

A photograph of the deflected bundles of cathode rays, viewed 
edge-on, is shown in Fig. 8 (a), Plate XVIII. The apparatus is 
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not as successful as had been hoped in eliminating atomic rays 
from the chamber back of the anode for a wide range of cathode- 
ray velocities. It was found that when the terminals are reversed 
so that the anode becomes the cathode and canal rays pass through 
the slits, the rays are not entirely intercepted in the case of low 
velocities; or rather, diffuse secondary canal rays, created by colli- 
sion with gas molecules, produce luminous undeflectable bundles, 
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which are shown photographed in Fig. 8 (6). However, with a 
cathode-fall of 2000 volts or more, quite pure bundles of cathode 
rays can be obtained, as is shown by the fact that, when the mag- 
netic field is zero, the chamber back of the anode is practically dark. 
Yet the range of velocities which can be tested with this apparatus 
is unfortunately very limited. This disadvantage is partially offset 
by the opportunity, unexpectedly afforded, to obtain the spectrum 
of the light produced by the slow diffuse canal rays, which turns out 
to be of some interest. But with this apparatus, it must be kept in 
mind that we analyze the light from the region traversed by the rays 
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and not merely the light due to the primary action of the rays as 
with the previous apparatus. 

The results (Plate X VIII) confirm and supplement those reported 
above. 

Air.—Cathode rays cause the emission of the negative nitrogen 
bands, AA 3914, 4278, 4709. No. 117 shows merely a trace of the 
nitrogen positive bands and no oxygen lines. An exposure twelve 
times as long (100 hours) would be necessary to bring out the 
oxygen cathode-ray spectrum as shown in No. 121, which required 
an exposure of 24 hours. Diffuse canal rays produce (primarily 
and secondarily) the same spectrum as slow canal rays—positive 
and negative bands both strong. 

Hydrogen.—Cathode rays produce both the compound line and 
the series spectrum, but the latter is relatively very much weaker 
than in the light produced by canal rays. Diffuse canal rays, like 
slow canal rays, cause the emission of both spectra (directly and 
indirectly), but the series spectrum is much the stronger. As 
Stark and Hermann’ have found, the spectrum of the light from the 
canal ray region shows the series spectrum relatively more intense 
the greater the velocity of the rays. This seems a direct contra- 
diction to the statement made above (p. 391) that slow canal rays 
produce only the series spectrum in hydrogen; but when we con- 
sider that we analyze in one case light from the whole region, 
including that due to secondary ionization, and in the other case 
only that due to the primary action of the canal rays in the path 
of the beam, the contradiction is seen to be easily explicable and 
very significant. The primary luminescence depends directly on 
the energy of the rays, while the secondary luminescence, due to 
secondary cathode rays, is, within certain limits, independent of 
the velocity of the rays. Thus the greater the energy of the rays, 
the more the primary will predominate over the secondary lumin- 
escence. When, however, the beam itself is used as a line source 
of light so that the secondary luminescence scattered throughout 
the surrounding region is relatively ineffective, the spectrum of the 
light due to the primary action of the rays is obtained. It seems 
probable, therefore, that the series line spectrum of hydrogen is 
emitted as a result of the collision of canal rays with molecules; 

* Physikalische Zeitschrift, '7, 95, 1905. 
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the compound line spectrum as a result of the ionization of hydrogen 
molecules by cathode rays. 

Oxygen.—The spectrum due to cathode rays consists chiefly of 
the negative bands, AA 526, 560, 586, but spark lines and series 
triplets are also present, though faint. No. 120 was made on a 
Seed ‘No. 27 extra-rapid plate, 24 hours’ exposure; in the case of 
No. 121, a Cramer Trichromatic plate was used, 30 hours’ exposure. 
In the spectrum due to diffuse canal rays (No. 123), the main series 
lines, AA 4368 and 3947 (see Runge and Paschen, Wied. Annalen, 
61, 641, 1897), are remarkably strong; the two subordinate series 
are well developed, while the spark lines are relatively weak. 
With fast canal rays (No. 131), the spark lines predominate, while 
slower canal rays give rise to spectra intermediate between No. 131 
and No. 123. The variation in the relative intensity of the various 
groups of lines when produced in various ways, is shown roughly 
in the following table. The intensities of the various lines on the 
plates were estimated, and the average intensity was computed for 
the spark lines (S), AA 3974, 4072, 4186, 4318, 4348, 4415, 4591, 
4642; for the first subordinate series triplets (I), 4A 4773, 4968; 
for the second subordinate series triplets (II), AA 4673, 4802. Then 
the scales were adjusted so that the average for the spark lines 
came out the same for all. No trace of the line A 3955 nor of the 
series of doublets was found (cf. Runge and Paschen, op. cit.). 


| Diffuse Canal Canal Rays Canal Rays Cathode Rays 
Oxygen Rays (1500 v.) | (2000 v.) (5000 v.) (3000 v.) 


20 


Negative Bands (B) (No. 121) 


Lanes (S)........... 4 4 4 4 
ae 25 8 2.5 I 
6 3 0.5 0.4 
Second Sub. 2.5 0.3 0.2 


As a result of the discussion above on p. 393, it was concluded 
that when cathode rays produce a band spectrum it may reason- 
ably be assigned to the positively ionized molecule of the gas in 
question. The negative bands of nitrogen and the negative bands 
of oxygen, then, are probably emitted by the respective molecules 
as a result of ionization by cathode rays. 
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EFFECTS OF VARIATIONS OF VAPOR-DENSITY ON THE 
CALCIUM LINES H, K, AND g (44227) 
By OLIVER J. LEE 


The element calcium has from the beginning played an important 
part in astrophysics. Two of its principal spectrum lines, H, 
A 3968, and K, A 3934, have been chiefly used by solar physicists in 
the study of the sun with the spectroheliograph. The importance 
of these lines is being further enhanced by their growing significance 
in stellar spectroscopy. There arises the question of the inter- 
pretation of strong, sharp lines of calcium in a stellar spectrum 
when accompanied by broad lines of hydrogen, helium, and other 
elements. Radial velocity observations of stars of the spectro- 
scopic binary type have in various cases shown an apparently 
anomalous behavior for these lines. 

Reference to Kayser’s Handbuch der Spectroscopie, V, 235, 
shows that no less than 130 articles have been published which are 
concerned wholly or in part with the spectroscopic treatment of 
calcium. 

The well-known experiment of Sir William and Lady Huggins 
on vapor-density effects in the spectrum of calcium, as well as the 
recent researches of King, St. John, and others, have suggested the 
desirability of trying to isolate one of the variables in the produc- 
tion of the calcium spectrum and to govern its variation, while 
keeping the others approximately constant. The present paper 
gives the results of an attempt to get quantitative data in the case 
of varying vapor-density, and limits itself to determining the rela- 
tive vapor-densities at which self-reversal occurs in the lines H, K, 
and g. 

Methods used to determine vapor-density constants for elements 
that volatilize at low temperatures, such as sodium and sulphur, 
are obviously unsuitable for calcium. Owing to the high tempera- 
ture required, about 2500° C., it was out of the question to confine 
any given amount of vapor and still be able to get its light. Instead, 
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the rate of volatilization of the element under standard conditions 
was assumed to be constant and was made the basis of the experi- 
ment. Thus it was assumed that if twice as great a surface area 
of calcium was exposed in one case as in a second case, the density 
of the vapor after a given time of heating would be twice as great 
in the former instance as in the latter. The conditions for each 
observation therefore became: 

1) Constant temperature sufficiently high to volatilize calcium 
freely; 

2) Volatilizing areas of calcium which should be proportional to 
given predetermined ratios; 

3) Exposure-times short enough to eliminate as-much as possible 
inevitable changes of conditions. 


APPARATUS 


The apparatus employed consists of a rotating carbon heating 
tube in which calcium is vaporized and a concave grating spectro- 
graph. 

The heater is a carbon rod, ff, 1 cm in diameter, which has a 
hole in one end 5 mm in width and 15 mm deep. The carbon is 
mounted in the hollow spindle M, to which it is fastened by means 
of the set-screw s. At the other end of the spindle is fastened a 
light grooved wheel W, 8 inches in diameter, which is connected to 
the small pulley of a motor, V, by means of a stout cord. Spindle 
and wheel are mounted in the brass bearing .V, and this is rigidly 
bolted to the cast-iron base of the arc apparatus by means of the 
steel rods PP. The carbon-tube was made to rotate smoothly 
about 100 times a minute between the poles of an arc, each a 
carbon rod 13 mm in diameter. This arrangement practically gave 
the heating effect of two arcs, the rotating heater being a negative 
pole on the upper side and a positive pole on the lower. A station- 
ary heater similarly mounted was first tried, but in that case the 
negative pole, C, burned its way through the thin wall of the tube 
so quickly that no reliance could be placed upon the temperature 
within. With the rotating heater this wear took place so slowly 
that the temperature could be kept comparatively constant for 
the 2 to 4 minutes during which each was in use. 
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The current used throughout was 20 amperes at 40 volts. This 
produced a temperature of about 2500° C. After finding a radia- 
tion pyrometer impracticable for such a small heated surface, and 
an electric thermo-couple inadequate, the heat within the tube 
being actually greater than was expected, the temperature given 
above was determined indirectly. Several substances whose melting 
points are established, such as salt, 800° C., iron, 1503°, platinum, 
1753, and iridium, 2350°+, were introduced into fresh heating 
tubes and the current was slowly increased until they melted. 
The currents were plotted against melting temperatures and the 
required temperature was read from the resultant curve. 


Lens 


Slit 


By means of a 3-inch lens the light from the center of the tube 
was projected upon the slit of the spectrograph, the dispersion piece 
of which is a Michelson concave grating of 2 meters radius. The 
ruled surface is 50 mm X82 mm and has 590 lines to the mm. In 
practice, with a fairly wide slit, two good lines o.3 A units apart 
were well resolved. The plate was held in the camera, curved in 
an arc of 1 m radius, and 7 exposures could be made on each plate 
without opening the camera. 


METHOD OF OBSERVING 


Two distinct methods have been used in this experiment to 
govern the relative amounts of calcium introduced into the various 
tubes. 
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1. A supersaturated solution of calcium chloride was made by 
taking equal parts by weight of distilled water and the salt. Call 
this standard solution A. By means of glass droppers, solutions of 
calcium strength A, A/2, A/4, A/8 ... . A/128 were introduced 
into tubes of the adopted standard size, 5X15 mm. _ Series of such 
tubes were filled and left in an upright position to evaporate part 
of the water and to let the salt crystallize on the walls and bottom 
of the carbon bore. When the tubes were dry, they were placed 
in the rotating spindle and slowly heated until the water of crystal- 
lization was given up without explosive scattering of the material. 
From 3 to 7 exposures of 30 seconds each were made with every 
tube so that its photographic record might be complete. The 
normal plate first shows the calcium lines weakly, then as the 
heater gets its proper temperature and vaporization of the calcium 
is rapid the lines increase in strength to a maximum for that tube. 

It was found that this method gave consistent results for the 
lower densities, the ratio of which could be determined with con- 
siderable accuracy. For the greater densities required to reverse 
H and K, however, the large amount of material in the tube made 
the vaporization more or less uncertain and the resulting reversals 
were in consequence erratic. The second method was found to 
give more satisfactory results for these higher densities. 

2. Metallic calcium was sawed into very thin rectangular pieces 
3 mm thick and 3 to 4 mm wide. These were clipped across into 
slivers fairly uniform in size. The slivers, weighing on an average 
2 milligrams each, were weighed out into charges of from 5 to 100 
milligrams. After tipping the apparatus as shown in the diagram 
the tube with its charge was fastened in the spindle and slowly 
heated while revolving. As the chamber walls became heated the 
metallic particles would spread themselves uniformly over them 
and adhere while vaporizing. Multiple exposures were made as in 
the first case. With neither method was a tube used for more than 
one charge. About 800 photographs were made with 225 tubes. 

The following tables give typical data for reversals with change 
of vapor-density. The first gives results obtained by method (1) 
and covers the low order of vapor-density required to reverse g. 
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Calcium Charge | seed Results 
pe ae | 20 g reversed on all, K on 2, H ont 
13 g reversed on 10 
ee 14 g reversed on 8 
ee ee 20 One doubtful reversal of g 


The following table gives results obtained by method (2) cover- 
ing the range for H and K reversals: 


REVERSED 


CaLcium NUMBER OF 
CHARGE Exposures | 
©.100 gram....... 33 33 27 16 
©.050 gram....... 33 33 22 10 
©.025 gram....... 31 28 | 7 ° 
©.O10 gram....... 32 | 22 I ° 
0.005 gram.......| 29 9 ° ° 


Comparing the reversal times with calcium charges A/16, 0.010 
gram and 0.005 gram, it is seen that an A/16 charge of calcium 
chloride corresponds in this experiment to one of about 0.0085 
gram of metallic calcium. 


CALCIUM IMPURITIES IN CARBONS AND IN AIR 


An attempt was made to purify the carbons used for heating 
tubes by repeatedly raising them to a temperature of several 
hundred degrees in a strong atmosphere of chlorine and then boil- 
ing them in distilled water. The desired effect was not obtained, 
for there seemed to be no diminution in the amount of calcium 
present. The reason for this failure is explained by an experiment 
by W. N. Hartley, reported to the Royal Society, May 11, 1911, in 
which he shows that there are copper and calcium impurities in the 
air in sufficient quantities to give the characteristic spectrum lines 
of these elements. As all of my exposures were made with the arc 
in air, even as radical a treatment of the tubes as that described 
would of course not eliminate the calcium lines. The order of 
magnitude of the impurities in carbons and air was found by noting 
at what strength of calcium solution the lines should begin to show 
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an increase over their intensity when the carbon only was used. 
No increase was visible until a charge of A/1oo was reached. At 
A/50 the lines were estimated to be twice as strong as those derived 
from the carbon alone in air. From this it was concluded that the 
calcium impurity in the carbon heaters and the air together did 
not exceed 2 per cent of an A charge, and that its effect on the 
ratio A to A/8, for example, was negligible. 


APPEARANCE OF THE LINES 


All the tubes were exposed at atmospheric pressure. To what 
extent electrical and chemical action took place in the vaporizing 
process is not known. It was assumed to be constant, and nothing 
in the appearance of the vapor while being generated would lead 
the observer to another opinion. 

The H and K lines have always been observed together, K being 
always a trifle the wider, at least, if not the more intense. With 
faint H and K lines present, g was frequently missing. Whenever 
the background of continuous spectrum appeared strong, photo- 
graphic reversal took place. 

It is important to notice the changes in the lines upon approach- 
ing reversal. The line g is never as hard as the other two lines, 
even when these are very faint. As the vapor-density increases, it 
becomes more diffuse until reversal occurs. At this point K begins 
to lose its sharpness, and when it reverses H is almost ready to 
reverse." In each case there seems to be a more or less gradual 
breaking up of the structure of. the line before reversal takes place. 
When the three lines are reversed on the same plate, the wings of 
g flare out about a wide core which has clean sharp edges, while 
H and K flare very little, preserving their hard form tenaciously. 
The accompanying plate XIX shows the changes in these lines as 
the vapor-density is increased, the lowest spectrum corresponding 
to the greatest density. | 


* Concerning Dr. A. S. King’s observations, in the Astrophysical Journal, 28, 395, 
1908, that H and K refused to show “‘self-reversal”’ in the furnace, the present results 
would seem to indicate that in his case the vapor of calcium was too rare to reverse 
these lines. 


| 
| 


PLATE XIX 


SUCCESSIVE REVERSAL OF CALCIUM LINES WITH INCREASING VAPOR-DENSITY 
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CONCLUSION 


The lines g, \ 4227, and H, A 3968, require for reversal, vapor- 
densities that are 1/7 and 3/2 as great respectively as that necessary 
for a reversal of K, % 3934, when the vapor is observed at a tem- 
perature of 2500° C. and at atmospheric pressure. 

It will be understood that the figures given above are approxi- 
mations only. The difficulty of the problem and the limitations of 
the method alike render quite useless any claim to greater accuracy. 


RYERSON PuysICAL LABORATORY 
THE UNIVERSITY OF CHICAGO 
May 
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1. A supersaturated solution of calcium chloride was made by 
taking equal parts by weight of distilled water and the salt. Call 
this standard solution A. By means of glass droppers, solutions of 
calcium strength A, A/2, A/4, A/8 .. . . A/128 were introduced 
into tubes of the adopted standard size, 5X15 mm. _ Series of such 
tubes were filled and left in an upright position to evaporate part 
of the water and to let the salt crystallize on the walls and bottom 
of the carbon bore. When the tubes were dry, they were placed 
in the rotating spindle and slowly heated until the water of crystal- 
lization was given up without explosive scattering of the material. 
From 3 to 7 exposures of 30 seconds each were made with every 
tube so that its photographic record might be complete. The 
normal plate first shows the calcium lines weakly, then as the 
heater gets its proper temperature and vaporization of the calcium 
is rapid the lines increase in strength to a maximum for that tube. 

It was found that this method gave consistent results for the 
lower densities, the ratio of which could be determined with con- 
siderable accuracy. For the greater densities required to reverse 
H and K, however, the large amount of material in the tube made 
the vaporization more or less uncertain and the resulting reversals 
were in consequence erratic. The second method was found to 
give more satisfactory results for these higher densities. 

2. Metallic calcium was sawed into very thin rectangular pieces 
3 mm thick and 3 to 4 mm wide. These were clipped across into 
slivers fairly uniform in size. The slivers, weighing on an average 
2 milligrams each, were weighed out into charges of from 5 to 100 
milligrams. After tipping the apparatus as shown in the diagram 
the tube with its charge was fastened in the spindle and slowly 
heated while revolving. As the chamber walls became heated the 
metallic particles would spread themselves uniformly over them 
and adhere while vaporizing. Multiple exposures were made as in 
the first case. With neither method was a tube used for more than 
one charge. About 800 photographs were made with 225 tubes. 

The following tables give typical data for reversals with change 
of vapor-density. The first gives results obtained by method (1) 
and covers the low order of vapor-density required to reverse g. 
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Calcium Charge Results 
20 g reversed on all, K on 2, H on 1 
13 g reversed on 10 
14 g reversed on 8 
20 One doubtful reversal of g 


The following table gives results obtained by method (2) cover- 
ing the range for H and K reversals: 


Catcrum NUMBER OF 


CHARGE ExPosuRES | 

K H 
©.100 gram.......| 33 33 27 16 
0.050 gram.......| 33 33 | 22 10 
©.025 gram....... 31 28 7 ° 
©.O10 gram....... 32 22 I ° 
0.005 gram.......| 29 9 ° ° 


Comparing the reversal times with calcium charges A/16, 0.010 
gram and 0.005 gram, it is seen that an A/16 charge of calcium 
chloride corresponds in this experiment to one of about 0.0085 
gram of metallic calcium. 


CALCIUM IMPURITIES IN CARBONS AND IN AIR 


An attempt was made to purify the carbons used for heating 
tubes by repeatedly raising them to a temperature of several 
hundred degrees in a strong atmosphere of chlorine and then boil- 
ing them in distilled water. The desired effect was not obtained, 
for there seemed to be no diminution in the amount of calcium 
present. The reason for this failure is explained by an experiment 
by W. N. Hartley, reported to the Royal Society, May 11, rgrr, in 
which he shows that there are copper and calcium impurities in the 
air in sufficient quantities to give the characteristic spectrum lines 
of these elements. As all of my exposures were made with the arc 
in air, even as radical a treatment of the tubes as that described 
would of course not eliminate the calcium lines. The order of 
magnitude of the impurities in carbons and air was found by noting 
at what strength of calcium solution the lines should begin to show 
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an increase over their intensity when the carbon only was used. 
No increase was visible until a charge of A/1oo was reached. At 
A/50 the lines were estimated to be twice as strong as those derived 
from the carbon alone in air. From this it was concluded that the 
calcium impurity in the carbon heaters and the air together did 
not exceed 2 per cent of an A charge, and that its effect on the 
ratio A to A/8, for example, was negligible. 


APPEARANCE OF THE LINES 


All the tubes were exposed at atmospheric pressure. To what 
extent electrical and chemical action took place in the vaporizing 
process is not known. It was assumed to be constant, and nothing 
in the appearance of the vapor while being generated would lead 
the observer to another opinion. 

The H and K lines have always been observed together, K being 
always a trifle the wider, at least, if not the more intense. With 
faint H and K lines present, g was frequently missing. Whenever 
the background of continuous spectrum appeared strong, photo- 
graphic reversal took place. 

It is important to notice the changes in the lines upon approach- 
ing reversal. The line g is never as hard as the other two lines, 
even when these are very faint. As the vapor-density increases, it 
becomes more diffuse until reversal occurs. At this point K begins 
to lose its sharpness, and when it reverses H is almost ready to 
reverse.' In each case there seems to be a more or less gradual 
breaking up of the structure of the line before reversal takes place. 
When the three lines are reversed on the same plate, the wings of 
g flare out about a wide core which has clean sharp edges, while 
H and K flare very little, preserving their hard form tenaciously. 
The accompanying plate XIX shows the changes in these lines as 
the vapor-density is increased, the lowest spectrum corresponding 
to the greatest density. 


* Concerning Dr. A. S. King’s observations, in the Astrophysical Journal, 28, 395, 
1908, that H and K refused to show “‘self-reversal”’ in the furnace, the present results 
would seem to indicate that in his case the vapor of calcium was too rare to reverse 
these lines. 
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CONCLUSION 


The lines g, \ 4227, and H, A 3968, require for reversal, vapor- 
densities that are 1/7 and 3/2 as great respectively as that necessary 
for a reversal of K, \ 3934, when the vapor is observed at a tem- 
perature of 2500° C. and at atmospheric pressure. 

It will be understood that the figures given above are approxi- 
mations only. The difficulty of the problem and the limitations of 
the method alike render quite useless any claim to greater accuracy. 


RYERSON PHysICAL LABORATORY 
THE UNIVERSITY OF CHICAGO 
May 
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NICKELED GLASS REFLECTORS FOR CELESTIAL 
PHOTOGRAPHY 


By R. W. WOOD 


The failure of silver to reflect well in the ultra-violet region, 
places a limit to the extent of the spectrum of a star or other 
celestial object obtained with a reflector of the ordinary type. As 
is well known, the spectrum of light which has penetrated the earth’s 
atmosphere extends to about wave-length 2900. In the region 
around wave-length 3160 silver reflects only 4 per cent of the 
incident light; in other words, the silvered mirror is no more 
efficient in this region than unsilvered glass. For extending the work 
which I commenced two years ago on the ultra-violet photography 
of the moon, it became necessary to construct a long-focus mirror 
of large aperture capable of reflecting copiously the light transmitted 
through the silvered-quartz ray-filter. The great weight of a large 
mirror of speculum metal, and difficulties in its construction, with 
its liability to tarnish, led me to try to work out some method of 
depositing a film of some suitable metal upon a glass mirror. 

Consulting Rubens’ tables of the reflecting power of metals, it 
appeared that nickel would prove most suitable, its reflecting power 
throughout the entire spectrum being only a little less than that of 
speculum metal. So far as I was able to find, no method is known 
of depositing nickel chemically, except the process in which the gas 
nickel carbonyl is employed. This gas is extremely poisonous, and 
I understand that the metal films are bright only on the surface 
which is in contact with the glass. I accordingly determined to 
use this method only as a last resort, and commenced experiments 
at my East Hampton laboratory this summer on the electrolytic 
deposition. It was found that solutions with an acid reaction either 
frilled or completely removed the silver film, which was deposited 
chemically to serve as a substratum for the electrolytic film. I 
commenced work with copper, and found that if a dilute solution 
of the sulphate was converted into cuprammonium by the addition 
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Fic. 1 Nickel a 
Cd and Sn 
Spark b Silver 
b Silver 
Fic. 2 
Fe Spark Nickel 
Transmitted 
c through Silver 
A 
Fic. 3 
B D 


REFLECTION FROM NICKEL AND SILVER FILMS 
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of ammonia, a beautiful deposit could be thrown down in about 30 
seconds with two dry cells. I then tried the double sulphate of 
nickel and ammonia.. This gave some trouble at first, but it finally 
yielded good deposits. The solution must be very dilute, however, 
say 10 grams to the liter, and it is a good plan to add a little 
ammonia to it, sufficient to give it a very slight odor. From one 
to three dry cells can be used, according to their condition and the 
size of the mirror to be coated. The silver substratum should be 
thin enough to show a deep blue color when examined by a strong 
light, and the nickel should be thrown down until it becomes opaque. 
Some experience will be necessary before good deposits are obtained. 
If the silver coating is too thin, the fall of potential along the surface 
from the point where the battery wire joins it is too great, and the 
deposit is not uniform. It is a good plan to practice with small glass 
plates until one becomes familiar with the difficulties, and learns 
how to avoid them. 

A nickel anode of about the same area as the plate to be coated 
is joined to the carbon pole of the battery, though in the case of my 
16-inch long-focus mirror, I used a 16-inch disk of copper; it makes 
little or no difference which is used, as very little metal is thrown 
out of solution. Before depositing the nickel I at first dried the 
silvered mirror, and polished off the light deposit of dust which 
usually clouds the surface. This is a bad plan, for it is almost 
impossible to avoid long scratches, which cut through and destroy 
the continuity of the conducting film and result in an erratic dis- 
tribution of the current; if this is the case, the nickel deposits along 
one side of the scratch only, and the deposit is very streaky. If the 
current is too weak or if the current is applied for an insufficient 
time, one obtains a very thin, yellowish deposit which has a very 
low reflecting power in the ultra-violet, not much better than that of 
the silver. Continuing the process a little longer usually remedies 
this defect. 

To study the reflecting power of the various films I reflected the 
light from the cadmium or iron spark from them into a quartz 
spectrograph, and obtained in this way spectrograms which enabled 
their behavior to be judged at once. On Plate XX, Fig. 1, we have 
two spectra of the spark of cadmium and tin, the upper, a, taken 
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with the light reflected from a nickel-on-glass film, the lower, b, 
with a silver film. As is at once apparent, one region of the spec- 
trum in the latter photograph is wholly absent, and the entire ultra- 
violet below this region is relatively weak. Fig. 2 shows the same 
thing with the iron spark. Spectrogram c is made with direct light 
of the spark transmitted through the quartz-silver ray-filter, and 
shows that the region which the silver fails to reflect is copiously 
transmitted. Fig. 3 is extremely interesting and shows the reflect- 
ing power of glass, silver, speculum metal, and nickel for various 
regions of the spectrum. 

A shallow glass dish was silvered on the inside. The lower por- 
tion of this deposit was then nickel plated, and a portion of the silver 
wiped from the upper portion with a bit of cotton moistened with 
very dilute nitric acid. The clear glass is marked “G’’ on the 
pictures, the nickel “‘ Ni,”’ the silver “Ag,” and the plate of polished 
speculum metal, which stands behind the dish, ‘‘S/.”’ 

The mirrors were mounted near an open window at such an angle 
as to reflect the light of the sky to the camera, which was provided 
with a quartz lens. Photograph A was made with the quartz lens 
unsilvered, that is, chiefly through the action of the blue and violet 
rays. The silver and the speculum metal come out very bright, 
while the nickel is much darker, and the unsilvered glass spot G is 
practically black. B was made with the quartz lens coated with a 
film of silver of such thickness that a brightly lighted window 
appeared very deep blue throughit. In this case we have a mixture 
of violet and ultra-violet in such proportion, that the silver, nickel, 
and speculum all reflect about equally well. The dark V-shaped 
band which separates the nickel area from the silver is the thin 
yellow deposit above referred to, which diminishes the reflecting 
power in the ultra-violet. No trace of this appears in the first 
picture. In the small triangular area below the ‘Ag”’ the nickel 
deposit is thinner than over the rest of the lower portion of the plate, 
and the reflecting power is less. Photograph C was made through 
a silver film of such thickness that a brightly lighted window 
was barely visible through it, and the sun appeared as a disk of a 
bluish-white color easily supported by the eye. This picture is 
made chiefly by the ultra-violet region between wave-lengths 3000 
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and 3200. The silver reflects only very little better than the spot 
of clear glass, and the speculum somewhat more strongly than the 
nickel. In the case of D the silver film was so thick that the sun 
could be seen only as a feebly luminous ball of a deep violet color, 
resembling the lighted window as seen with the thinner film. A 
tungsten lamp was absolutely invisible through it. This is the best 
thickness to employ for ultra-violet photography. The glass and 
silver both come out almost black, the nickel fairly bright, and the 
speculum a little brighter. 

It appears to me that there is a wide field of investigation open 
in various branches of science, by means of photography with these 
obscure rays. I have found that many white substances are abso- 
lutely black in this ultra-violet light, zinc-oxide being a conspicuous 
example. White gardex flowers have very different reflecting 
powers in this region of the spectrum. Common phlox comes out 
coal black, while white geraniums are very much lighter. The 
earlier photographs which I made were taken with a silver film 
which was much too thin, as the investigations of the past summer 
have shown, and it is impossible to predict what will be found in 
the pictures of the moon and planets which are soon to be made 
with a very thick silver film and the long-focus nickel mirror. 

We will now take up the method of coating a large mirror with 
a deposit of nickel. 

The mirror which I have nickeled for the ultra-violet photog- 
raphy of the moon and planets is 16 inches in diameter and has 
a focal length of 26 feet. It was made by Mr. John E. Mellish of 
Cottage Grove, Wis., and is of very good figure. The silver sub- 
stratum was thrown down by the formaldehyde process’ and the 
plate transferred to the nickel bath without drying, the surface, 
however, being first well washed under a rather heavy stream of 
water to remove as much of the sediment as possible. The deposi- 
tion of the nickel was carried on in a cylindrical pan of galvanized 
iron, which I found in the local hardware store, the inner surface 
being coated with paraffine to prevent the solution from attacking 
the metal. The silver surface of the mirror was about an inch 
below the surface of the nickel solution, the anode consisting of a 

* Wood, Physical Optics, revised edition. 
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circular disk of sheet copper of the same diameter as the mirror. 
A short piece of heavy brass tubing was soldered to the center of 
the copper disk to serve as a handle, and the wire from the battery 
was twisted around this. A V-shaped notch about an inch in 
depth was cut in the margin of the disk to facilitate making contact 
with the silver film. The other wire from the battery was attached 
to a slender rod of brass with a scrap of platinum-foil soldered to 
its lower end. This piece of foil was crumpled up so as to make 
contact at many points with the silver. The copper disk was 
carefully immersed in the solution and held so as to be everywhere 
nearly at the surface. This insured a uniform distance at every 
point between the anode and the silver film. The platinum 
electrode was now brought in contact with the silver film by passing 
the brass rod down through the V-shaped notch, and the current 
was allowed to flow for thirty seconds, after which the m‘rror was 
removed and held up to the light. The film was much darker than 
before but not quite opaque. Thirty seconds more finished the 
operation and gave a beautiful coat, which was washed, dried, and 
rubbed lightly with cotton to remove the slight film of sediment. 

If the current-strength and density of solution have been right, 
the surface of the nickel, as soon as it is removed from the plating 
bath, should appear bright, though distinctly duller than the silver. 
It is a good plan to prepare a small glass plate with half of its surface 
silvered and the other half nickeled. In this way it is possible 
to judge of the quality of the nickel film, which should appear 
of about the same brightness as the silver film viewed through a 
nicol prism, which reduces the intensity of the reflected light by 
one-half. If the film appears yellow, or brownish, like smoked 
glass, something has gone wrong. If the silver peels from the glass 
or frills, the current has been too strong or it has been applied for 
too long a time. The coating which I have applied to my mirror 
is very nearly as bright as the surface of my 13-inch short-focus 
speculum. It may happen that the film appears to be all right until 
an attempt is made to clean it after it is dry, when it is found that 
the slightest rubbing with soft cotton strips the film from the glass. 
This is probably due to the fact that too much metal has been 
deposited. 
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As is well known, nickel deposited by electrolysis comes down 
under a tremendous tension. Even in technical work, where it is 
deposited on solid metal, it is apt to scale off if deposited too thickly. 
Under the circumstances, it is rather surprising that the silver film 
is able to stand up under the strain. 

In addition to the advantage to be derived from the higher 
reflecting power in the ultra-violet, it is possible that the nickel 
film may prove more permanent in atmospheres contaminated with 
sulphur, though I have not had my mirror under observation for a 
sufficient length of time to be able to speak of its lasting qualities. 
One mirror which I prepared early in the summer appears to have 
changed, the surface having a crystalline appearance in spots, as 
if the two metals had alloyed. This mirror was made, however, 
before I had worked out the process to my satisfaction, the film 
being of the brownish color referred to above. The electrical 
process does not interfere with the figure, as the thickness of the 
layer deposited is but a very small fraction of the wave-length of 
light. 

These experiments are a continuation of work commenced two 
years ago in which I was aided by a grant from the Elizabeth 
Thomson Science Fund. 


East Hampton, Lonc ISLAND 
September 28, 1911 
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An Introduction to the Theory of Optics. By ARTHUR SCHUSTER. 
Second Edition, revised. London and New York: Long- 
mans, Green & Co., 1910. $4.00. 


This is the revised edition of Professor Schuster’s well-known text- 
book on light, which first appeared seven years ago. The corrections 
called for by the latter were few in number; but the alterations have 
been numerous and are all helpful. 

This book is different in principle and in detail from all others on 
the same subject, and on this account—apart from all other reasons— 
it makes delightful reading. It forms, in a way, the complement of 
an equally valuable book on Light, that by Professor R.W. Wood. One 
feels in reading each of these that one is in the hands of a master of the 
subject; each author gives both theory and experiment, but in Schuster’s 
book theory is emphasized and made clear, while in Wood’s it is the 
description of the experiments which one most enjoys. 

It may not be amiss to call attention to the qualities which seem to 
the reviewer to distinguish this book from others bearing similar titles. 

1. All theories are developed in such forms as to lend themselves to 
numerical calculations and verification. 

This is an extraordinarily valuable feature; for students can with 
such ease lose sight of arithmetic when enjoying the calculus, and so 
often defer the searching test of a theory by the actual measurements 
of experiment. 

In this connection reference may be made to the sections dealing 
with diffraction, optical instruments (especially the spectroscope), 
damping of vibrations of electrons, molecular scattering. 

2. The various phenomena discussed, either on a large scale or in 
detail, are explained in terms both of quasi-homogeneous radiation and 
of ether impulses. 

The homogeneous train of waves, as ordinarily written, is, as Schuster 
says, “‘a mathematical abstraction”; and so he introduces the idea of 
what he calls quasi-homogeneous radiations, such as are emitted by 
gases when made luminous by electrical excitation. To this idea he 


410 


j 


REVIEWS 4II 


gives mathematical expression, by considering the summation of a 
number of simple waves, whose amplitudes and wave-lengths vary 
slightly. White light may then be defined by making the range of wave- 
length sufficient. 

But white light may be considered as an irregular succession of im- 
pulses; and as Schuster says: “We take the disturbance as it is and try 
to represent it analytically, and just as there are many ways of resolving 
a system of forces, so are there many ways of resolving the motion of 
light into elements with which we can deal analytically. The resolution 
by homogeneous waves is one, the resolution by impulses, another. 
Whenever the two methods seem to yield different results, a mistake 
has been made in their application.” 

The many uses Schuster makes of the impulse-treatment are most 
instructive; e.g., in dispersion, interference, Talbot’s bands, etc. 

3. Many questions, often unimportant ones, are discussed, in which 
every student is interested and yet which are passed over by many 
writers. (The difficulty of the explanation may be the reason for this 
omission.) A great part of the enjoyment one has in reading the book 
comes from these remarks which are often of the nature of obiter dicta. 

Again, the consideration given the great features of the subject is 
always ample and always original. New points of view are emphasized, 
and the basis of all theories in mechanical principles is made clear. 
A few sections in which this is most noteworthy are the ones on emission 
of energy, the nature of light, absorption, etc. 

In reading a book which one enjoys and finds inspiring, it is not one’s 
duty to look for errors of commission or omission; this is certainly true 
of this book, in spite of the fact that Professor Schuster by a remark in 
the preface to this new edition tempts one to make a painstaking search 
for mistakes. Yet a reviewer must note what he sees. The name of 
Lewis Rutherfurd is given wrongly on p. 142; and it is doubtful if, by 
using metallic surfaces on which to rule gratings the life of the diamond 
point is prolonged. The hardness of speculum metal is much greater 
than is supposed. The great advantage in its use as a grating surface 
comes from the fact that in all probability grooves ruled in it reproduce 
most exactly the plane faces of the ruling-diamond; so that, from a 
knowledge of the angles of the latter, the shape of the groove may be 
known. This is contrary to the belief of Rowland and to the statement 
by Schuster on p. .11; but its justification may be found in a recent 
article in this journal (May 1911) by Anderson and Sparrow. In this 
same article there is a critical discussion of gratings, which points out 
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essential errors in that portion of Schuster’s treatment given on pp. 
122 and 123. 

The reviewer is forced to confess that certain sections of the book 
have been understood with great difficulty: e.g., the discussion of absorp- 
tion on pp. 270 and 271; the explanation of “the nature of light” on 
Pp. 336-338; etc. One would not complain, if one did not believe that 
Professor Schuster might have made his treatment much simpler. 

The order used in the arrangement of the subject-matter is not one 
to which we are accustomed; and the manner in which the student 
is referred to subsequent sections for vital discussions, are points of 
presentation or of pedagogy on which any teacher is privileged to differ 
with Professor Schuster. It may be, of course, that the training in 
English schools would make his scheme the natural one. 

In conclusion, it should be stated clearly that no book on optics 
known to the reviewer is so eminently satisfactory, especially owing 
to the fact that it answers so many questions and reduces such a large 


part of the subject to the principles of mechanics. 
Joseru S. AMES 
Jouns Hopkins UNIVERSITY 
June 1, rort 


The Principles and Methods of Geometrical Optics, Especially as 
Applied to the Theory of Optical Instruments. By JAmeEs P.C. 
SOUTHALL. New York: Macmillan, 1910. Pp. xxiv+626. 
$5.50. 

This work aims to fill a recognized gap among scientific treatises in 
English. In extent and detail of treatment and in the scientific import- 
ance of the topics dealt with, it goes far beyond most other works in 
English; in fact, can be compared easily only with the recent book by 
Taylor, which is more restricted in scope and devoted primarily to the 
mathematical methods devised or used by its author, while the present 
volume is planned as a general treatise. 

In the main the treatment is in the spirit of the recent German litera- 
ture on the subject, from which indeed some portions appear rather as 
careful compilations than as independent presentation. Especial 
indebtedness is naturally owed and frankly acknowledged to the works 
of Czapski and of von Rohr and his colleagues. But the material from 
various sources has been thoughtfully fused into a coherent whole, and 
is supplemented by abundant and well-chosen bibliographic references. 
The notation in the formulas has evidently received unusual care, and 
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the reader is further aided by a complete list of the algebraic symbols, 
given in an appendix which accompanies the good index. 

The early chapters discuss the scope and limitations of geometric 
optics as a physical theory, presenting its basic concepts and laws by an 
eclectic use of the alternative methods of rays, wave-surfaces, and 
optical paths. A brief study of refraction at a plane surface prepares 
for a long chapter on prisms, which deals chiefly, however, with rays in 
a meridian plane; the treatment of oblique rays seems unduly meager, 
and the problem of the curvature of spectrum lines is dismissed with a 
list of references. 

The elementary or paraxial theory of spherical surfaces and of lenses 
is given first in the older form of an approximation based on the law of 
refraction for rays of small obliquity and is then exhibited as the ideal 
implied in the purely geometric theory of optical imagery as developed 
principally by Abbe. To this modern fundamental theory of the general 
properties of optical collineations is devoted a full and excellent chapter, 
which will doubtless be especially welcome to readers to whom the 
German publications are not accessible. 

Following this are given various sets of exact trigonometric formulas 
for rays following the physical law of refraction, together with a study 
of astigmatic pencils of arbitrary inclination. The remainder of the 
volume, except for the closing chapter on aperture, field, and illumina- 
tion, presents the theory of the various spherical and chromatic aberra- 
tions of the first order, mainly in the form due to Petzval and Seidel, 
aided by some of the concepts and notations introduced by Abbe. For 
the pure theory the treatment here would be hard to improve. 

Some shortcomings might be noted, partly in matters of physical 
optics, but more particularly in matters touching on the practical side, 
the detailed work of the maker or user of optical instruments. The 
formulas are not always adapted for computation and the numerical 
examples are meager and rather trivial. The list of Jena glasses is 
unfortunate in its selections, since half of the types given are perishable 
and no longer made, while the remainder are hardly representative of 
the optical materials available at the present time. But the book 
excludes from its plan a systematic discussion of special types of optical 
constructions and is therefore judged best simply as a repository of the 
general basic theory. As such it can hardly be said to have a superior 
in any language, and must surely be ranked as a standard work. 
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ERRATA 


Vol. 34, September. 1911, in Professor Stebbins’ article on “A New Bright 
Variable Star, 8 Aurigae”’: 
Page 119, in (2), for m,+etc., read m,—etc. 
Page 125, twelfth line from bottom, in coefficient of 8i, for sin 2, read 
sin y. This equation should be numbered (5s). 
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tain the advice of experts in grading 
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NEW EDITION—1911—NOW READY 


Industrial Insurance 
in the United. States 


By CHARLES RICHMOND HENDERSON 


HIS book, revised and enlarged for the English- 

speaking public, has already been published in a 

German series. The introduction contains a 
summary of the European laws on workingmen’s in- 
surance against accident, sickness, invalidism, and old 
age, with statistics to 1908, The text describes the 
various forms of social insurance known in the United 
States and Canada; local clubs and associations, fra- 
ternal societies, trade union benefit funds, schemes of 
large firms, corporations, and railways. One chapter 
is directed to labor legislation and another to employ- 
er’s liability laws, Illustrations of the movement are 
given in chapters om municipal pension plans for 
policemen, firemen, and teachers; also the military 
pensions of the federal government and southern states. 
The appendix supplies bibliography, forms used by 
firms and corporations, text of bills, and laws on the 
subject. 


448 pages. 8vo cloth. Price, $2.00 net ; postpaid, $2.19 
Published by 


The University of Chicago Press 


CHICAGO ILLINOIS 
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LATE NOVEMBER BOOKS 


THE WOMAN MOVEMENT IN AMERICA. By BE tte Squire. 


Explaining briefly the meaning of the Woman Suffrage Movement, this little book is meant 
for the busy reader who has no time for more than a short account of the struggle of women 
for political freedom. The author has succeeded admirably in conveying a better understand- 
ing of the meaning of ‘‘ Votes for Women” in the widest and most comprehensive sense. 
Illustrated, 75 cents net. 


THE COMING CHINA. By Josep Kine Goopricu. 


This book will receive much attention, for there is not a book on the market today covering 
China as she exists at the present moment. Professor Goodrich writes in a scholarly, yet 
readable manner. A resident in the Far East for over a quarter of a century, he speaks with 
authority on such subjects as the former attitude of the Chinese statesmen and ruling classes; 
the causes operating to change that attitude; the aspirations of the new China; and the 
reason for the present feeling in China toward America and in America toward China. 
Illustrated. 12mo. $1.50 net. 


FIFTY YEARS OF PUBLIC SERVICE. By Hon. SHersy M. Cuttom. 


During his fifty years of public service Senator Cullom has been associated with nearly every 
public event and with hundreds of men of national fame. The easy flowing, discursive style 
of his book offers an invitation to read, aside from the interesting story presented. 

Illustrated. Crown 8v0. $3.00 net; postpaid, $3.18. 


“Senator Cullom, Chairman of the Committee on Foreign Relations, author of the Interstate Com- 
merce Law, often a candidate for president, has written a book of reminiscences far franker than 
those of John Sherman and others of his contemporaries. He has all his life been a national 
jigure. He knew Lincoln and Taft—a big span for a man’s life. He tells how Mr. Taft wanted 
to quit the presidency for the bench, how Senator Hoar rebuked Roosevelt, how Hay snubbed the 
Senate, and is otherwise amazingly candid.””—Tue Boston HERALD. 


AN ARMY OFFICER ON LEAVE IN JAPAN. 
By L. Mervin Mavs, U.S.A. 


Col. Maus, in a popular way, has written a valuable book for anyone contemplating a visit to 
the land of cherry blossoms. Besides an interesting travel book, the volume serves as a 
practical guide, containing an appendix full of information regarding railroads, hotels, cost of 
living, etc. There are several chapters devoted to interesting matters in the Philippines. It 
is a book that will be enjoyed by every lover of travel. Illustrated. Crown 800. $1.50 net. 


AMERICA OF TO-MORROW. By Asse Kien. 
(Authorised Translation of “‘L’Amerique de Demain””) Author of “‘In the Land of the Strenuous Life,” etc. 


In outer form this prophecy of tomorrow appears to be a jest, a merry notebook of a holiday 
recreation; in essence it is an affectionate revelation of a man’s soul who believes in liberty 
and the triumph of truth; it is an interpretation of momentous events which are too near us 
to be seen in true perspective. His style is so honest and transparent that you can see his 
soul in his works, and it is one of the purest, gentlest, noblest souls of our generation. Read 
his message, and you will discover a reverent scholar whose style is so brilliant and charming 
that you may think him a man of the world; and he is—a man of our best world. 

With portrait. $1.75 net. 


THE MODERN RAILROAD. By Epwarp HuNGERFOoRD. 


The aim of this comprehensive book is to show not only the practical workings of the modern 
railroad, but also to bring out the romance in it. Mr. Hungerford has followed railroading 
all his life, and what he writes is facts as he has séen and understood them. Told in a 
simple and direct manner, the text is further made plain by a remarkable set of railroad 
photographs. Profusely illustrated. Crown 800. $1.75 net. 
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Bulletin of Recent Publications of 
The University of Chicago Press 


The Elementary Course in English. By James Fleming Hosic. 
Head of the Department of English in the Chicago Teacher's 
College. 

158 pages, 16mo, cloth; postpaid 82 cents 


A practical guide for teachers, supervisors, and parents. It 
presents in outline a working theory of elementary English, with 
references to the recent literature of the subject, and a sug- 
gested course in composition, grammar, word-study, reading, 
and literature. Graded lists of material are provided. These 
include stories, supplementary reading books, and select literary 
studies for higher grades. The work has been indorsed by the 
Course of Study, the official publication of the Chicago Public 
Schools. 


Kindergarten Review. It is definite, suggestive, and systematic, and the 
lists of references are most valuable. 


Educational Review. A good book. .... The thoughtful and studious 
a of elementary English will find it full of helpful suggestions 
and advice. 


San Francisco Call. The book is by far the clearest, simplest, and most 
earnest one on the subject and should have an enthusiastic reception 
from teachers everywhere. 


The Unfolding of Personality as the Chief Aim of Education. By 
Thiselton Mark, Lecturer on Education in the University of 
Manchester. 

224 pages, 12mo, cloth; postpaid $1.07 


The wide experience of the author in the teaching of elemen- 
tary psychology to teachers and his personal work with children 
of all ages make this book a distinctly original contribution to the 
literature of child-study. Suggestions and illustrations are 
added at the end of each chapter giving directions and methods 
for study. 


American Primary Teacher. No other writer of England or America has 
an = phase of pedagogy as fully, clearly, and surely as has 
r. Mar 
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THE UNIVERSITY OF CHICAGO PRESS 


The Higher Education as a Training for Business. By Harry 
Pratt Judson, President of the University of Chicago. 


54 pages, 12mo, cloth; postpaid 55 cents 


From the author’s Preface: “It must not be forgotten that 
no college can insure an education to a young man. More 
definitely, no college gives an education. All that colleges can 
do is to provide the facilities whereby one who wishes may edu- 
cate himself more efficiently than would otherwise be practicable. 
It is believed that students who wish may obtain knowledge and 
training in a college course which will fit them to be more effi- 
cient than would otherwise be the case in business activity. It 
is also believed that a liberal education may provide not merely 
such increased efficiency, but also so much wider comprehension 
of society and life as to enable one to be useful and to find interest 
in a multitude of ways not usual with one who is deprived of such 
an education. A college education, in short, may enable one to 
earn aliving. It should also teach one how to live.” 


The Meaning of Social Science. By Albion W. Small, Professor 
of Sociology in the University of Chicago. 


318 pages, 12mo, cloth; postpaid $1.62 


A recent German writer has said: “The future of scientific 
investigation, not merely in the realm of the social sciences but 
all the sciences, will lead in an ascending degree to the increasing 
recognition of the coherence of all scientific thought. The separa- 
tion into distinct disciplines will no longer have, as its last result, 
the isolation of the investigators, but a more general, more com- 
prehensive investigation will arrive at the principles which are 
to be held in common, and thus will arouse the consciousness that 
science is a unity.” 


The Meaning of Social Science outlines a plan of co-operation 
among the various types of specialists in social science. Its 
keynote is the proposition that the main business of social sci- 
ence is to be the agent of all men in finding out the meaning 
of life, including in particular the means by which men may most 
surely progress toward the largest realization of life. 
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Pragmatism and Its Critics. By Addison W. Moore, Professor 
of Philosophy in the University of Chicago. 


296 pages, 12mo, cloth; postpaid $1.36 


This is the clearest and most satisfactory summing-up of the 
controversy that has yet appeared. Even the most technical 
matters are presented in such a way as to be intelligible to any- 
one who is genuinely interested in the movement. The book 
covers all the important points at issue, but special emphasis is 
laid on: (1) the historical development of the pragmatic move- 
ment; (2) its relation to the conception of evolution; (3) the 
social character of pragmatic doctrines. The treatment is 
sympathetic and incisive. 


Nation. Professor Moore, by the publication of his new book, has shown 
to all who will read it that Pragmatism has still a champion who can 
defend and expound her doctrines, not indeed with the grace and charm 
of style of her lost leader, but in a manner that is almost always clear 
and is often captivating. 


Sectionalism in Virginia. By Charles Henry Ambler, Professor 
of History in Randolph-Macon College. 


376 pages, 12mo, cloth; postpaid $1.64 


From the earliest colonial times Virginia was a land of sec- 
tional differences, which influenced to an important degree the 
course of her history. These differences and their results are 
treated in Professor Ambler’s book. Extensive research in the 
archives at Charleston, Richmond, and Washington, and the 
examination of numerous documents have given the author 
material which throws much new light on Virginia’s internal 
troubles in ante-bellum days. Twelve maps illustrating the vote 
on important resolutions are scattered through the book. 


American Historical Review. Though it professes only to review those 
matters which entered into or bore upon the long sectional quarrel 
between the eastern and the western parts of the state, taken alto- 
gether, it is the best history of the Old Dominion since 1776 we have. 
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Sociological Study of the Bible, Showing the Development of the 
Idea of God in Relation to History. By Louis Wallis, Formerly 
Instructor in Sociology in the Ohio State University. 


One volume, bound in cloth; postpaid $1.65 


This book is written on the basis of the modern scientific 
interpretation of the Bible; but it approaches Bible-study from 
a new standpoint, using the sociological method of research. 
The ancient Hebrew nation is treated as a social group originating 
at the point of contact between Amorite city-states and Israelite 
clans from the Arabian desert. The great struggle within the 
nation was primarily between the legal usages (mishpatim) of 
the constituent races. This conflict found expression very 
slowly in terms of antagonism between the gods of the Israelites 
and the Amorites (Yahweh and the Baals). Mr. Wallis’ papers 
on the subject have been appearing for some years in the Ameri- 
can Journal of Sociology; but they are entirely recast and revised 
for book publication. 


The Country Church and the Rural Problem. By Kenyon L. 
Butterfield, President of the Massachusetts Agricultural College. 


164 pages, 12mo, cloth; postpaid $1.08 


The aim of President Butterfield’s book is to analyze the 
rural problem and to inquire into the influences which can most 
effectively aid in solving it. His conclusion is that no influence 
can wield more power or achieve more far-reaching results than 
the church itself. 


Homiletic Review. The best interpretation of the rural problem in its 
religious aspect which has yet appeared in America. The book is 
sympathetic. It is constructive. It is also a burning challenge. 
Socialism, education, organization, and federation point the way to a 
rural civilization which shall honor America’s highest ideals. But 
realization is far distant as long as even this great layman must be the 
champion of organized religion in the open country. The country 
church and modern agriculture must reach the same high level before 
the rural problem can be solved. Every minister should ponder 
Butterfield’s prophetic message. 
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The Theology of Schleiermacher. By George Cross, Professor of 
Christian Theology in the Newton Theological Institution. 


356 pages, 12mo, cloth; postpaid $1.65 


Professor Cross’s book attempts to introduce the English- 
speaking student to Schleiermacher himself. It consists prin- 
cipally of a condensed “‘thought-translation”’ of his greatest work, 
The Christian Faith. The exposition is introduced by the interest- 
ing story, attractively told, of Schleiermacher’s life, with emphasis 
on his religious experience. This is accompanied by a luminous 
account of the changes in Protestantism that necessitated a re- 
construction of its doctrines. The work closes with a critical 
estimate of Schleiermacher’s contribution to the solution of 
present religious problems, which in the judgment of scholars will 
stand as an extremely valuable portion of the book. Taken to- 
gether, the translation, the analysis, and the critical estimate 
reveal Schleiermacher as a pioneer in modern religious thought. 


The Christian World (London). This work is as timely as it is able. It is 
remarkable that, considering the enormous influence of Schleiermacher 
on modern theology, the English-speaking world has hitherto had such 


meager opportunity of studying the man and his teaching. 


An Introduction to Protestant Dogmatics. By Dr. P. Lobstein, 
Professor of Theology in the University of Strassburg. Author- 
ized Translation from the Original French Edition, by Arthur 
Maxson Smith. 


298 pages, r2mo, cloth; postpaid $1.62 


From the translator’s preface: ‘‘It is conceded by eminent 
scholars who are familiar with the book that it stands quite 
alone in its orderly scientific presentation of theological material 
while it combines, in a unique manner, the evangelical interests 
and the scientific effort of the new theology, thus constituting a 
decisive contribution to the religious world.” 


Homiletic Review. This book is good alike for the head and the heart. It 
is written with an intellectual power, a literary charm, and a religious 
warmth, which remind one on almost every page of Sabatier. 
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TEXTBOOKS FOR RELIGIOUS EDUCATION 
CONSTRUCTIVE BIBLE STUDIES 
KINDERGARTEN SERIES 
The Sunday Kindergarten: Game, Gift, and Story. By Carrie S. Ferris. 
Teacher's manual. Postpaid $1.40. Permanent equipment for each 
pupil, net, $1.00, postage extra. 
Temporary material (renewed each year) for each pupil, net, 35 cents, 
postage extra. 


ELEMENTARY SERIES 

Child Religion in Song and Story. (The Child in His World.) By Georgia 
L. Chamberlin and Mary Root Kern. Teacher's manual, postpaid $1. 39. 
Sunday Story Reminders, pupil’s notebook, postpaid 45 cents. 

Child Religion in Song and Story. (Walks with Jesus in His Home Country.) 
By Georgia L. Chamberlin and Mary Root Kern. Teacher's manual, 
postpaid $1.40. Pupil’s notebook, postpaid 45 cents. 

An Introduction to the Bible for Teachers of Children. By Georgia L. Cham- 
berlin. Teacher's manual, postpaid $1.70. The Books of the Bible, 
pupil’s notebook, postpaid 29 cents. Smaller notebook, postpaid 12 cents. 

The Life of Jesus. By Herbert W. Gates. Teacher's manual, postpaid 83 
cents. Pupils’ notebook, postpaid 58 cents. 

Old Testament Story. By Charles H. Corbett. Teacher's manual and pupil’s 
notebook (in press). 

Paul of Tarsus. By Louise Warren Atkinson. Teacher's manual, post- 
paid $1.10. Pupil’s notebook, postpaid 59 cents. Pupil’s home-work 
book, postpaid 28 cents. 

Heroes of Israel. By Theodore G. Soares. Pupil’s textbook, postpaid 
$1.13. Teacher's manual, postpaid $1.10. 

The Gospel of Mark. By Ernest D. Burton. Pupil’s textbook, postpaid 
$1.12. 

Studies in the First Book of Samuel. By Herbert L. Willett. Pupil’s text- 
book, postpaid $1.13. 


SECONDARY SERIES 


The Gospel of Mark. By Ernest D. Burton. Pupil’s textbook, postpaid 
$1.12. 

Studies in the First Book of Samuel. By Herbert L. Willett. Pupil’s 
textbook, postpaid $1. 13. 

The Life of Christ. By Isaac B. Burgess. Pupil’s textbook, postpaid $1.12. 
Pupil’s notebook, net, 25 cents, postage extra. 

The Hebrew Prophets, or Patriots and Leaders of Israel. By Georgia Louise 
Chamberlin. Pupil’s textbook, postpaid $1.15. Teacher's edition 
(ready January, 1912). 

A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
Pupil’s textbook, postpaid $1.12. 
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ADULT SERIES 


The Life of Christ. By Isaac B. Burgess. Pupil’s textbook, postpaid $1.12. 
Pupil’s notebook, net, 25 cents, postage extra. 

The Hebrew Prophets, or Patriots and Leaders of Israel. By Georgia Louise 
Chamberlin. Pupil’s textbook, postpaid $1.15. A special teacher's 
edition will be ready January, 1912. 

The Life of Christ. By Ernest D. Burton and Shailer Mathews. Postpaid 


$1.14. 

A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
Postpaid $1.12. 

The Prophetic Element in the Old Testament. By William R. Harper. 
Postpaid $1.10. 

The Priestly Element in the Old Testament. By William R. Harper. Post- 
paid $1.12. 

Christianity and Its Bible. By Henry F. Waring. Postpaid $1.12. 

Social Duties. By Charles Richmond Henderson. Postpaid $1. 37. 

Great Men of the Christian Church. By Williston Walker. Postpaid $1. 37. 


COLLEGE AND UNIVERSITY SERIES 


The Prophetic Element in the Old Testament. By William R. Harper. 
Postpaid $1.10. 

The pit Element in the Old Testament. By William R. Harper. Post- 
paid $1.12. 

The Life of Christ. By Ernest D. Burton and Shailer Mathews. Postpaid 
$1.14 

A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
Postpaid $1.12. 

A Short Introduction to the Gospels. By Ernest D. Burton. Postpaid $1.07. 

A Handbook of the Life of the Apostle Paul. By Ernest D. Burton. Post- 
paid 54 cents. 


AMERICAN INSTITUTE OF SACRED LITERATURE SERIES 


The Life of the Christ. By Ernest D. Burton. Postpaid 54 cents. 
The Foreshadowings of the Christ. By William R. Harper. Postpaid 54 cents. 
The Founding of the Christian Church. By Ernest D. Burton. Postpaid 


54 cents. 
The Work of the Old Testament Sages. By William R. Harper. Postpaid 


54 cents. 

The Work of the Old Testament Priests. By William R. Harper. Postpaid 
54 cents. 

The Social and Ethical Teachings of Jesus. By Shailer Mathews. Post- 
paid 54 cents. 

The Universal Element in the Psalter. By John M. P. Smith and Georgia 
L. Chamberlin. Postpaid 53 cents. 

The Book of Job, or the Problem of Human Suffering. By William R. 
Harper. Postpaid 27 cents. 

Four Letters of Paul. By Ernest D. Burton. Postpaid 27 cents. 

The Origin and Religious Teaching of the Old Testament Books. By Georgia 
L. Chamberlin. Postpaid 54 cents. 
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American Permian Vertebrates. By Samuel Wendell Williston, 
Professor of Paleontology in the University of Chicago. 


152 pages, 39 plates, 8vo, cloth; postpaid $2.68 


This work comprises a series of monographic studies with 
briefer notes and descriptions of new or little-known amphibians 
and reptiles from the Permian deposits of Texas and New Mexico. 
The material upon which these studies are based was for the most 
part collected during recent years by field parties from the 
University of Chicago. The book is offered as a contribution to 
knowledge on the subject of ancient reptiles and amphibians, 
with such summaries and definitions—based chiefly on American 
forms—as our present knowledge permits. The work is illustrated 
by the author. 


Contributions to Medical Science by Howard Taylor Ricketts. Pub- 
lished as a Tribute to His Memory by His Colleagues, under the 
Auspices of the Chicago Pathological Society. 


508 pages, 8vo, cloth; net $5.00, domestic postage 33 cents 


Dr. Ricketts died of typhus fever in the City of Mexico, 
May 3,1910. He wasat that time prosecuting researches into the 
nature of typhus and but a few days before had announced the 
discovery of a micro-organism which is believed to be the cause 
of the disease. He had also shown that the infection may be 
carried by an insect, and thus pointed out the way for preventive 
measures. These achievements, together with earlier work on 
Rocky Mountain spotted fever, give Dr. Ricketts a high and 
honorable place on the records of medical research. 

The present volume contains thirty papers on these and 
allied topics. It is rich in information of immediate value and 
in suggestions to future investigators. It is also an impressive 
memorial to a man whose life was deliberately laid down in the 
service of humanity. 
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Morphology of Gymnosperms. By John M. Coulter, Professor of 
Botany, and Charles J. Chamberlain, Associate Professor of 
Botany, in the University of Chicago. 

470 pages, 462 illustrations, 8vo, cloth; postpaid $4.22 


This work is a revised and enlarged edition of the book 
brought out by Professors Coulter and Chamberlain in 1901. 
Each of the seven great groups is here presented in detail, and a 
final chapter discusses the problem of phylogeny and points out 
the evolutionary tendencies. The extinct groups, notably the 
primitive “‘seed-ferns,” are now included for the first time; and 
vascular anatomy is fully recognized as a morphological subject 
of first importance. The entire presentation is thoroughly and 
systematically organized and arranged with a view to the greatest 
possible clearness. The illustrations are numerous and in large 


part original. 


Nature. The book is an invaluable record, admirably illustrated, of our 
present knowledge of the older type of seed-plants. 


A Laboratory Guide in Bacteriology. By Paul G. Heinemann, 
Associate in Bacteriology in the University of Chicago. 
Second edition, enlarged and revised. 216 pages, 12mo, cloth; postpaid $1.59 


The new edition of the Laboratory Guide is designed to cover 
the outlines for work in elementary courses in the various 
branches of bacteriology. It is intended to serve as a guide not 
only to the instructor, but especially to those practically engaged 
in applying the fundamental principles of the science. In tech- 
nique and method it has been carefully revised and brought 
down to date, and itself represents the progress made in the 
science since the first edition appeared in 1905. The Guide is 
confidently offered in the belief that it will commend itself, even 
more than did the first edition, to elementary students in 
bacteriology. 


American Journal of Clinical Medicine. This little book is peculiarly 
adapted to the needs of medical students because it takes nothing for 
granted, commences at the beginning of the subject, and as it advances 
from point to point in the inductive study of micro-organisms, enters 
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First-Year Mathematics for Secondary Schools. Second-Year 
Mathematics for Secondary Schools. By George William 
Myers, Professor of the Teaching of Mathematics and Astron- 
omy in the College of Education of the University of Chicago, 
Assisted by the Instructors in Mathematics in the University 
High School. 

First-Year, 378 pages, 12mo, cloth; postpaid $1.15 
Teacher’s Manual, postpaid 89 cents 
Second-Year, 296 pages, 12mo, cloth; postpaid $1.63 

The two texts cover the essentials of what is commonly 
required of all pupils in the first two years of secondary schools 
-in this country, and include, in addition, the elementary notions 
of plane trigonometry through the solution of right triangles, 
as well as an introduction to some topics of formal algebra not 
usually treated in secondary texts. Second-Year Ma’*ematics 
lays chief emphasis on geometry, as First-Year Mathemauics does 
on algebra. Professor Myers began the preparation of his 
books in the conviction that the divisions of mathematics in 
secondary schools were largely artificial and ineffectual in con- 
necting the subject with the student’s experience. He aimed to 
make the work of the first high-school year connect smoothly 
and logically with eighth-grade work through both mensuration 
and general number, rather than with one of these subjects in the 
first year and the other in the second year. The first book is an 
outgrowth of these two arithmetical topics, developing algebra 
through quadratics and introducing considerable preliminary 
work in geometry before the close of the year. 

Second-Year Mathematics begins with constructive and induc- 
tive geometry and passes rapidly to demonstrative geometry. 
It is the author’s belief that by the employment of algebraic 
notation and by the continued application of the equation to 
geometrical matters, the hold on algebra is kept firm until the 
opportunity arises to develop with profit other algebraic topics, 
such as the completion of methods of solution of the quadratic 
equation, a discussion of the roots, and the use of inequalities 
in the solution of indeterminate equations. Plane geometry is 
fully covered. The first book may be styled algebra with asso- 
ciated arithmetic and geometry; the second, geometry with 
associated algebra and trigonometry. 

Nation. Teachers generally should study the books and prepare for the 
change of method of presenting mathematics which seems likely to be 
tried in the near future. 
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Outlines of Economics, Developed in a Series of Problems. By 
Members of the Department of Political Economy of the Uni- 
versity of Chicago. 


160 pages, interleaved, r2mo, cloth; postpaid $1.13 


The problem of improving the current methods of teaching 
the elementary course in economics is now attracting widespread 
interest. The Outlines of Economics Developed in a Series of 
Problems is an attempt on the part of its authors to make some 
advances in this direction. The ideals which have most funda- 
mentally determined the character and content of the book are: 
(1) A belief that the elementary course in economics offers 
exceptional opportunities for training in thinking and reasoning 
—a sort of training the importance of which can hardly be 
exaggerated. Thus the Oudlines seeks to stimulate the student 
to active and independent thought, to help him to reason out 
for himself the fundamental principles, and to form his own 
conclusions on questions of applied economics. It is believed 
that the inductive-problem method here used is the one best 
adapted to accomplish this end. (2) A desire to connect the 
theoretical principles of economics with the actual facts and with 
problems of the business world, and to induce the student to 
apply his knowledge of that world to the subject of study. 

The result is a careful, analytical syllabus of the subjects 
usually covered in the introductory course, accompanied by 
some 1,200 questions and problems, designed: (a) to afford set 
problems for written work; (0) to guide the student in his read- 
ing, while fostering independent thinking; (c) to give direction 
to classroom discussion. It is expected that the Ouilines will be 
used in connection with some textbook. 

Nation. In their Outlines of Economics, Developed in a Series of Problems 
(The University of Chicago Press), three members of the Department 
of Political Economy in the University of Chicago have performed with 
remarkable trees and grasp a task of great difficulty. The 
book consists in the main of sets of searching questions, dealing suc- 
cessively with every phase of the great subject, the order being deter- 
mined by the attempt of the authors “not only to link economic theory 
with descriptive material, but in a measure to build the theory up out 
of the familiar events of economic life”; an attempt in which, we be- 
lieve, they have succeeded as completely as the case admits. But the 
questions do not stand alone; as a rule, each set is introduced by a 
concise indication of the central ideas or doctrines involved, the state- 
ment in every instance being marked by exemplary clearness and vigor. 
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Assyrian and Babylonian Letters Belonging to the Kowyunjik Col- 
lections of the British Museum. Edited by Robert Francis 
Harper, Professor of the Semitic Languages and Literatures in 
the University of Chicago. 


Part I, pp. xvi +116 plates of texts, 8vo, cloth; postpaid $6.13. 
Part II, pp. xvi+112 plates of texts, 8vo, cloth; postpaid $6.14. 
Part III, pp. xvi+116 plates of texts, 8vo, cloth; postpaid $6.14. 
Part IV, pp. xvi+116 plates of texts, 8vo, cloth; postpaid $6.14. 
Part V, pp. xvi+120 plates of texts, 8vo, cloth; postpaid $6.15. 
Part VI, pp. xvi+120 plates of texts, 8vo, cloth; postpaid $6.14. 
Part VII, pp. xx-+-120 plates of texts, 8vo, cloth; postpaid $6.15. 
Part VIII, pp. xxx-+-120 plates of texts, 8vo, cloth; postpaid $6.16. 
Part IX, pp. xxvi+120 plates of texts, 8vo, cloth; postpaid $6.15. 


The following have just been published: 


Part X, pp. xvi+120 plates of texts, 8vo, cloth; postpaid $6.15. 
Part XI, pp. xvi-+-120 plates of texts, 8vo, cloth; postpaid $6.15. 


Sir Perceval of Galles: A Study of the Sources of the Legend. By 
Reginald H. Griffith, Adjunct Professor of English in the 
University of Texas. 


140 pages, 8vo, cloth; postpaid $1.35 


The long list of books devoted to the study of the legends 
that gathered about the knights of King Arthur’s Round Table 
receives a noteworthy addition in the volume by Professor 
Griffith. The particular knight whose fortunes the author fol- 
lows is Perceval, who is best known to modern readers through 
Tennyson’s Idylls of the King and Wagner’s Parsifal, but who is 
also the titular hero in two of the best of the poems of the Middle 
Ages, Wolfram von Eschenbach’s Parzival and Crestien de Troye’s 
Perceval, ou le conte du Graal. 


Dial. The volume is essentially technical in nature, but it is by no means 
devoid of the graces of style, and is concerned with processes that must 
prove interesting to the student of general folk-lore as well as to the 


specialist in Arthurian legend. 
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